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(Above) Four 320/60 h.p., 660/370 r.p.m., N-S variable 


L.S.E. M OTO RS and speed a.c. ade L.S.E. control panels, driving Allen 
pumps at the Norton pumping station of Li ] 
co NTRO L G EAR for Corporation. (Corporation Weiler vires Eneieer 


Mr. J. H. T. Stilgoe, M.Inst.C.E., M.1.W.E.) 


PUMPING DUTIES 


L.S.E. motors are available in types for all pumping duties in water and 
sewage works, power stations, etc. 

In particular, an installation of N-S variable-speed a.c. motors with the 
appropriate L.S.E. control equipment can ensure maximum efficiency 
under conditions of varying pumping requirements, with minimum cost 


for attendance. 


LAURENCE, SCOTT & ELECTROMOTORS LTD. 


NORWICH MANCHESTER LONDON & BRANCHES 


a 
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EVERYWHERE 
AND 


ANYWHERE 


Hewittic Rectifiers 
give reliable service... 


The robustness, lightness, and manoeuvrability 
of Hewittic Rectifiers make them ideal for 
installation in awkward situations, and their 
outstanding operational characteristics, proved 


over’a period of 50 years, ensure utmost 


reliability and long service. 


For every type of A.C.-D.C. application and 


from the smallest sizes up to any capacity. 


3k The photographs show a 300 kW. Hewittic Rectifier 


substation in mining traction service in Mexico. 


ewittic Kectifiers 


OVER I; MILLION KW. IN WORLD WIDE SERVICE 


Send for details 


‘HACKBRIDGE AND HEWITTIC ELECTRI 
ee ~WALTON-ON-THAMES SURREY - ENGLAND tee 
Telephon W Iton-on-Thames 760 (8 lines), oS _ Telegrams: * Electric, Walton-on-Thames ” 


r er, Smith & Co, Ltd.; South Australia: : 4 

Den Soe ; CANADA Hoan nny My RG: Pierre Pollie, Brussels 3. BRAZIL: OscatG: Morcceeeake OR URMA: Acer dark Bento ona 
Colombo. CHILE: Sociedad Importad ge an ' cue Electric Co. of Canada Ltd., Montreal; The Northern Electric Co. Ltd., Mont hel CEYLON ne & Te 
Cairo. FINLAND: Sahké-ja Koneliike O.Y Hermes, Heltal’ “GHANA NIGERIA & SI Gerald Hoe & Co., Nairobi. EGYPT: Giacomo ‘Cohencs ils SAE. 

S Aa6 . oan . . . IER 3 z A 4 a Fils, S.A.E., 
SINGAPORE & BORNEO! Hee india) woe. noe rnp Easun Engineering Co. a aes Lome Be Bahehe Boe ea oN 

): , . Ltd., Kuala Lumpur. NETHERLANDS: J. Ka E ara Sz pashdad. MALAY. 

Meebo Cor eae ee ee Poet aN The Karachi Radio Co.. Karachi 3. SOUTH AFRICA weno ne Willa ey) tee Richardson, 
Thomas Peake & Co., Port of Spain. TURKEY: De seiams Py) 14d... Salisbury: THAILAND: Vichien Phanich Co. Ltd. Bargkonn aun 
VENEZUELA: Oficina de Ingenieria Sociedad Anonima, Caracas. . ara. U.S.A.: Hackbridge and Hewittic Electric Co. Ltd., P.O. Box 234, Pittsburgh 30 Peve 


( iii ) ILE.E. PROCEEDINGS, PART A—ADVERTISEMENTS 


j Mmside story... 


GRAPHIC RECORDING INSTRUMENTS 


are the fastest and most sensitive direct writing Recorders 
now available. 

E.g. 0/100 microamperes, consumption 0°2 milliwatts 
response time 0°4 second * 
0/1°5 milliamperes, consumption 50 milliwatts, 


; response time 0'1 second * é 
: (To within 2% of indication)® 


The secret of this remarkable performance lies in the generously 
proportioned movement which is designed to utilise every available cubic 
inch of a case which occupies the minimum of panel space. 


Also manufacturers of 
“Cirscale” (reg. trade name) 


Ammeters, 
Voltmeters, A wide selection of other ranges can be quoted according to requirements, 
Wattmeters, including Amperes, Volts, Watts, Vars, Frequency and R.P.M., also | 


Frequency Indicators, multi-range with Clip-on Transformer. 


Power Factor Indicators 
and Rotary Synchroscopes, 
Portable Testing Instruments, 


oe THE RECORD ELECTRICAL CO. LTD 


Electric Tachometers, etc. 
“ CIRSCALE WORKS,” BROADHEATH, ALTRINCHAM, CHESHIRE 


Offices at Belfast, Birmingham, Bristol, Dublin, Glasgow, Leeds, London 


€8651-i 
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A section of the pumping and heating units at Littlebrook ‘C” power station 
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Oil firing equipment from INTERNATIONAL COMBUSTION is 


meeting the needs of industry for burners on many types of boiler 
installations. It is also playing an important part in the 
Central Electricity Generating Board’s programme for the conversion of 
pulverised fuel fired boiler units. IC Equipment 
already installed or in course of construction will provide a 


total boiler evaporation of more than 7,000,000 lb/hr. 


AL COMBUSTION LIMITED 


q 


p 


NETEEN WOBURN PLACE : LONDON WCI - TELEPHONE: TERMINUS 2833 - WORKS: SPT! 
Member of Atomic Power Constructions Limited, one of the five British Nuclear Energy Groups 


TGA SG77A 


1 
q 
; 
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Araldite is a registered trade name 


CIBA (A. R. L.) LIMITED Duxford, Cambridge - Telephone: Sawston 2121 


DESIGNED 


May we send you further details? 


By designing for Araldite, South Wales Switchgear 
Ltd. have provided adequate protection for this 
3-phase voltage transformer without the use of oil. 
The coils and insulators form a single casting of 
Araldite B, simple in design and easy to manufac- 
ture. Araldite casting resins do not shrink on 
setting, and are thereafter unaffected by very wide 
changes of temperature and humidity. Their 
properties also include remarkable adhesion tc 
metals, ceramics, etc., high mechanical strength. 
freedom from chemical action and excellent 


dielectric properties. 


Araldite epoxy resins are used 

@ for casting high grade solid insulation 

@ for impregnating, potting and sealing electrical 
windings and components 

® for producing glass fibre laminates 

@ for producing patterns, models, jigs and tools 

@ as fillers for sheet metal work 

@ as protective coatings for metals, wood and 


ceramic surfaces 


@ for bonding metals, ceramics etc. 
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H.C. COPPER BUSBARS 


Up to 10” wide x 1” thick or 3” square drawn finish; up 
to 12” x 3” x 16’ hard rolled. Extra heavy machined bars 
to customers’ requirements. Tubular and laminated 
busbars. 

Pre-assembly work on busbars.—Facilities are avail- 
able in our Works for bending, sawing, drilling, slotting, 
and tinning, to customers’ requirements. 


COMMUTATOR BARS AND SEGMENTS 


All sizes and sections; bars in random or exact (single 
and multiple) lengths; segments sawn or stamped to 
shape. Stepped and other special sections. Double taper 
bars. ‘Combarloy’, H.C. copper, and zirconium— 
copper. 


HOLLOW COPPER CONDUCTORS 


for rotor and stator windings of direct-cooled alternators 
and other electrical equipment. Made from H.C., 
“‘Combarloy’’, or other silver-bearing h.c. copper. 


H.D.H.C. COPPER STRIP 


Bolton’s H.D.H.C. copper strip is extensively used for 
rotor and stator coils in generating plant and also for 
large and small H.P. motors. 


EXTRUDED & DRAWN SECTIONS 


All shapes for electrical and other purposes. 


O.F.H.C. COPPER 


Rods, blanks and machined parts for transmitters, 
industrial and special valves for electronic engineering. 


ELECTRICAL ENGINEERS (A.S.E.E.) EXHIBITION ST A 


THOMAS BOLTON & SONS LTD 


Head Office: Mersey Copper Works, Widnes, Lancs. Tel. Widnes 2022. London 
Office and Export Sales Dept.: 168 Regent Street, W.1. Telephone: REGent 6427. 
Froghall and Oakamoor, Stoke-on-Trent. 


LANCASHIRE: Mersey Copper Works, Widnes; Sutton Rolling Mills, St. Helens. 


WORKS: STAFFORDSHIRE: 
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Manufacturers of 
copper and copper-base 
alloys in the form of wire 
and strand, bar and rod, 


sheet, strip and _ foil, 
busbars, commutator 
segments, and tubes. 


CELLULAR CONDUCTORS 


For extra high tension busbars and connections. 


TROLLEY & CONTACT WIRE 


for railways, trolley buses, tramways, crane tracks, etc. 
Round, grooved, and special sections. 


ROTOR & STATOR END RINGS 


Copper and aluminium-bronze; from a few inches to 
7 ft. diameter, and from a few ounces to 14 tons in 
weight. Rolled rings up to 7 ft. in diameter. 


ANODES 


All types, soft or hard rolled, drilled to customers’ 
requirements. 


RAIL BONDS 


Solid, laminated strip, and stranded wire bonds. 
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1961 


120 MVA UNDER CONSTRUCTION 


BTH were first to be awarded a contract for the 
supply of 120-MVA 275/132-kV transformers for 
the C.E.G.B. Super Grid. 


1953 


120 MVA IN SERVICE 


The first 120-MVA unit was commissioned in 
July 1953. Up to date, ten of these units have 


been installed or are on order. 120-MVA 275/132-kV transformers at the Staythorpe Sub Station 
of the C.E.G.B. 
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180-MVA ORDER IN HAND 


C.E.G.B. placed with BTH one of the first two orders for 180-MVA 275/132-kV transformers 


DME 


\ 


BRITISH THOMSON-HOUSTON 


THE BRITISH THOMSON-HOUSTON COMPANY LIMITED - RUGBY - ENGLAND 
an A.E.I. Company, A5298 
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The market-place of a Roman town A.D.350. 


N the steps of the Roman legions that conquered 


Britain came the merchants and settlers. Secure 
under Roman law and administration, commerce and 
agriculture flourished, and Ancient Britain experienced a 
period of peace and prosperity it was not to know again 
until long after the Dark Ages. 

In government, as in many other fields, the Romans set a 
standard which few have equalled since. 

In cable making too, standards are of vital importance. 
For over 100 years members of the Cable Makers Associa- 
tion have been concerned in all major advances in cable 
making. 

Together they spend over one million pounds a year on 
research and development. The knowledge gained is 
available to all members. 

This co-operation has contributed largely to the world-wide 
prestige that C.M.A. cables enjoy, and it has put Britain at 
the head of the world cable exporters. Technical infor- 


mation and advice is freely available from any C.M.A. 


member. 


MEMBERS OF THE C.M.A. 


, British Insulated Callender’s Cables Ltd - Connollys (Blackley) Ltd. 

Enfield Cables Ltd - W. T. Glover & Co. Ltd + Greengate & 
. Irwell Rubber Co. Ltd - W. T. Henley’s Telegraph Works 
Co. Ltd + Johnson & Phillips Ltd - The Liverpool Electric Cable 
Co. Ltd - Metropolitan Electric Cable & Construction Co. Ltd. 
Pirelli-General Cable Works Ltd. (The General Electric Co. Ltd.) 
St. Helens Cable & Rubber Co. Ltd - Siemens Edison Swan Ltd. 
Standard Telephones & Cables Ltd - The Telegraph Construction & 
Maintenance Co. Ltd. 


Insist on a 
cable with the 
C.M.A. label 


< : The Roman Warrior and the letters “C.M.A.” are British Registered Certification 
Trade Marks. 


GUIPHnE SENGALKI ER San A SO. CITA LION 


4 HIGH HOLBORN, LONDON, WC:1 TELEPHONE HOLBORN 7633 


CMA 2° 


CABLE MAKERS ASSOCIATION, 52-5 
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ontactors 


© INCORPORATING THE ARROW 
EXCLUSIVE ‘ RIGHT-ANGLE’ 
MECHANISM 


No. | Si e THE SMALLEST CONTACTORS FOR 
oO. Ize 


Rated 30 Amps. THEIR RATINGS. 
2, 3 or 4 pole. 


e ALL RATINGS AT 550v A.C. 
PER POLE. 


© AUXILIARY SWITCHES AVAILABLE, 
N/O, N/C or N/O-N/C 


e ALL TYPES CAN BE SUPPLIED AS 
INTERLOCKED UNITS. 


Rated 50 Amps. 
2or3 pole * 


-@ TO B.S.S. 775 (Revised). 


e CONFORMING 
TO NEMA SIZES@iS 2a. 


e CS.A. APPROVED. 


+ 4&5 pole versions 


also supplied. 


LATEST / 


our new [5 amp direct 


No. 3 Size 
Rated 100 Amps. 
2or3 pole * 


acting contactor. 


MAKE SURE YOU GET FULL INFORMATION ABOUT THE 
FINEST CONTACTORS MADE TO-DAY—FREE ON REQUEST FROM— 


ARROW ELECTRIG SWITCHES LTD - HANGER LANE - LONDON « W.5. 


XRI-12 


The basic advantages of Xenon thy- 
ratrons are enhanced in the Mullard 
XRI-6400A and XRI-12 by a new 
type of construction which provides 
improved electrical and mechanical 
performance. 

The XRI-I2 will continuously 
control currents of up to 12 amps, 
while the maximum capacity of the 
XR1I-6400A is 6.4 amps. These two 
valves are rugged and their long life 
is backed by a year’s guarantee. 


va(pk) | P.I.V. | ik (pk) | ik (av. 


XR1-6400A 


XRI-12 


Mullard Limited 


Mullard House: Torrington Place-London W.C.I Tel. LANgham 6633 


( xi ) 


New Disc-Seal 
construction gives 
these positive 


advantages 


* High hold-off voltage 
* Freedom from arc-back 
* Ruggedness 

* Long life 


* A year’s guarantee 


‘Their heating-up time is only one 


minute and they will operate effi- 
ciently over a wide range of ambient 
temperatures. 

Both types can be employed with 
confidence in a variety of power 
control applications including direct 
welding control, lighting control, 
motor control, electronic switches 
and regulated power supplies. 
Write to the address below for 
full data. 


) Heating-up | 


max | time (secs) 


(A) 


6.4 
12.5 


LEE. 
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330kV transformers 


... one of seven purchased by The Electricity 
Commission, New South Wales, for power dis- 
tribution from the Snowy Mountains Scheme. 


Fully Impulse Tested 


ENGLISH ELECTRIC 


translormers 
fi | i | | CT — ca | ll ™ 


Tue ENGLISH ELECTRIC Company LimiTED, MARCONI HOUSE, STRAND, LONDON, W.C.2. 


Transformer Department, Stafford 


WORKS ; STAFFORD PRESTON RUGBY BRADFORD LIVERPOOL ACCRINGTON 


TFS. 23L8 


( xiii ) I.E.E. PROCEEDINGS, PART A—ADVERTISEMENTS 


NALDERS 


Electrostatic 
Voltmeters 


FOR USE 


ON A.C. 
OR D.C. 
CIRCUITS 


POR VOETAGES 
FROM 500 VOLTS- 
me uIKALOVOLTS 


SELF CONTAINED — 
SWITCHBOARD OR 
PORTABLE PATTERN 


Nalders manufacture a wide range of Electrical Measuring Instruments including 

AMMETERS, VOLTMETERS, WATTMETERS, POWER FACTOR 

METERS, FREQUENCY METERS, SYNCHROSCOPES, 

PROTECTIVE RELAYS, VECTORMETERS, AUTOMATIC 

EARTH PROVING SUPPLY SWITCHES, “‘BIJOU”’ 
CIRCUIT BREAKERS, etc. 


A.S.E.E. EXHIBITION ENQUIRIES WELCOMED 


S T A WY D ; s 4 2 WE CAN MEET YOUR DEMANDS FOR 
PROMPT DELIVERY 


EARLS COURT 17-21 MARCH Write for further details quoting ref. E/29 


DALSTON LANE WORKS, LONDON, 4 8 
Telephone: CLIssold 2365 (4 lines) Telegrams: ‘‘Occlude, Hack, London” = ixssm oat 


C 


6 


looking north of Hams Hall 


1eW 


oy 


Aerial v 


it 


largest power concentration 


Six G.E.C. 60 MW hydrogen- 
cooled turbo-generators have 
been erected and installed at 
Hams Hall ‘C’ for the Midlands 
Division of the Central Elec- 
tricity Generating Board. 

All machines from No. 1 to No. 6 
were commissioned in less than 
two years. Steam conditions :— 
900 p.s.i.g. 900° F. 

The group — comprising Halls 
‘A’, ‘B’ and ‘C’ —is now com- 
plete. Hams Hall ‘C’ brings the 
total installed capacity of 
Europe’s largest power concen- 
tration up to 9830 MW. 


Cc 


power generation 


THE GENERAL ELECTRIC CO. LTD. ‘OF ENGLAND, HEAD OF FICEi MAGNST HOUSE, KINGSWAY, LONDON, W.( 
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Clean Air 
with Sturtevant Plant 


PRECIPITATOR ON 


STURTEVANT 
ELECTROSTATIC PRECIPITATOR 


. collects the large quantities of coal dust discharged from 
a coal dryer and prevents pollution of the atmosphere and a 
wide area of the surrounding countryside. 


Sturtevant Precipitators are collecting :— 


Metallic Oxides Asbestos Carbon and Carbon Black 
Sugar Coal Dust Ceramic Dust 

Selenium Fumes Acid Mist Pyrites 

Boiler Flue Dust Chalk Limestone 

Phosphate Dust Precious Metals Cement Dust 


For particulars of Sturtevant Electrostatic Precipitators write 
for a copy of the 11th edition of our publication N/7009. 


Southern House, Cannon Street, LONDO 


AUSTRALIA: STURTEVANT ENGINEERING CO. (AUSTRALASIA) LTD. 400 SUSSEX STREET SYDNEY N.S.W 
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components 
of power 


All over the world PARSONS have supplied all 
types of oil immersed distribution and power 
transformers, from 5 kVA up to the largest units 
for extra-high voltage. A 210 MVA three-phase 
generator transformer, for direct connection to 
the 275 kV super grid system of this country, 


is now under construction for West Thurrock. 


Checking the windings 
on assembled wound 
cores of a PARSONS 
generator transformer. 


EATON WORKS - NEWCASTLE UPON TYNE 6 


C. A. PARSONS & COMPANY LIMITED: H 
b 
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er—i—olcc 
TRANSFORMER OIL USERS 


pel! 


Wl 
SERVICE 10 


mul 


Another example of the service we offer— 

the delivery of Super Tension Oil, de-aerated 

and de-hydrated for immediate introduction into 275 kV 
Grid transformers on site. 

These tankers, designed by our Production Department, 
have been built to restrict exposure to atmosphere, 
thus enabling a substantial retention of undersaturation 
conditions during jong journeys. 


WAKEFIELD-DICK INDUSTRIAL OILS LTD. | Qronco-wioe waxeriero 


67, GROSVENOR STREET, LONDON, W.l = GROSVENOR 6080 ff castROL ORGANISATION 


PYE TELECOMMUNICATIONS LTD 


” NEWMARKET ROAD 
CAMBRIDGE 
4 Telephone: TEVERSHAM 3131 


‘ Cables: PYETELECOM CAMBRIDGE 


( xix ) 


BY APPOINTMENT 
TO H.R... DUKE OF EDINBURGH 
SUPPLIERS OF 
RADIO TELEPHONE EQUIPMENT 
PYE TELECOMMUNICATIONS LTD. 
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ANNOUNCING 
THE LATEST RANGER 
RADIOTELEPHONES 


A complete series of fixed 
and mobile equipment 


AM or FM 


MAIN FEATURES : 
Available from 25 Mc/s to 174 Mc/s. 
F.M. or A.M. simplex or duplex 
Low battery drain 

Split-channel selectivity 


The following features are optional : 


Unit chassis construction 

Up to 6 switch-selected channels 
Light weight 

Low cost installation and 
maintenance 


Channel spacing. A.M. Type V: 20, 25, 30 kc/s. Type N: 40, 50, 60 ke/s; Type W:, 
100 kc/s or greater. F.M. Types: 40, 50 or 60 kc/s. Public address and Re- 
broadcast facility on A.M. Types. Fist microphone or telephone handset. 


Mobile Ranger Equipment 


PTC 2001/2 5S watt A.M. Dash- 
Mounted Unit 

PTC 2101/2 5S watt A.M. Boot- 
Mounted Unit 

PTC 2201/2 15 watt A.M. Boot- 
Mounted Unit 

PTC 8001/2 10 watt B.M. Dash- 
Mounted Unit 

PTC 8101/2 10 watt F.M. Boot- 
Mounted Unit 

PTC 8201/2 20 watt F.M. Boot- 
Mounted Unit 


Fixed Stations 


PTC 723/4 15 watt A.M. Fixed 
Station 

PTC 753/4 50 watt A.M. Fixed 
Station 

PTC 8701/2 20 watt A.M. Fixed 
Station 


All Ranger Mobile Models 
are available for 6, 12 or 24 
volts power supplies. 


Please write for further details 
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1 95 8 A Westinghouse 250kW silicon rectifier/trans-~ 


1 9 3 AIkW copper-oxide rectifier charging batteries 
former for industrial d.c. power supplies. 


of a railway signalling installation. 
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out of sight and out of mind 


We don’t advise our customers to forget about 


- Size Company, coupled with the advantage of . i 


- MERSEY POWER CABLES, send for & ae aa 


_ subsequent expensive repairs. Mersey produce a wide 


re SO ore 


their underground power cables... N 
BUT ...once you have installed a MERSEY cable \ 
you CAN forget about power failures and 


range of the toughest, most versatile cables 
available today ... and at an economical price. 
In addition we offer the personal service of a Medium EIN: 


belonging to the important T.I. Group. Koto 
If you want to know more about KN 


the new illustrated catalogue No. D/102. 


Aa e f 


yt 
ILOHPERATAT ; 


© 3 


ee Se 


= Liverpool 20 4 : 


WORKS LTD 


, 


mMcw22 
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250. 


When Quality is the 
vital deciding factor 


7.7. PORBELAIN 


is the outstanding 
NAME in the field of 
HIGH VOLTAGE 
INSULATION 


230kV high pressure oil-filled cable 

VISIT US terminal designed by the H.V. 
ON STAND NO. P.8 Engineering Department, Canada 
Wire and Cable Company Limited, 
Toronto, Canada, using porcelains 
supplied by Taylor, Tunnicliff. Hy- 
draulic routine test: 5501b./sq. in. 


941 HUW 


os 


See 


Wherever a new project calls 
for High Voltage Insulation 


| 
CONSULT | 
TAYLOR TUNNICLIFF | 
AND CO. LTD. | 

Head Office: EASTWOOD - HANLEY - STOKE-ON-TRENT 
Telephone: Stoke-on-Trent 25272-5. : 
London Office: 125 HIGH HOLBORN, W.C.1. Tel: Holborn 1951-2 — 


ry 


i eee ee ee eee ee eee ee 
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C onsultin g Engineers: 
‘McLetlon and Partners 
in association with — 


~ 
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aris oe att a ee a AR eee SS, 


Many cables are made 
to specification but it is 


by their attention to the 


unspecified details that 
Aberdare’s reputation 
has been built. 


Aberdare Cables 


Paper insulated cables up to 33kV, to BSS or special requirements. 


ABERDARE CABLES LIMITED 
ABERDARE - GLAMORGAN + SOUTH WALES 


London Office: NINETEEN WOBURN PLACE, W.C.1 


Aberdare Cables are represented in over 40 different territories. 
‘Names and addresses of agents sent on application. 


: 


RICHA 


% 2 
D JOHNSON & NEPHEW LIMITED, MAI 


a 
NCHESTER 11 


Tel. EAS{; 
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BIN ALAA 
I 


Standardised Systems of General — 
Indications, Telephony and 
Telemetering for the 
' CENTRAL ELECTRICITY 
GENERATING 


The South Thames Control Room 


Control and telecommunication systems throughout the electricity supply 
network (the grid) of the Central Electricity Generating Board have been 
modernised and standardised by the establishment of a number of new grid 
control centres. The General Electric Co. Ltd., was responsible for supply- 
ing and installing two of these centres, at South Thames (London) and at 
Birmingham. 

This is part of a programme for a ‘“‘Standardised System of General 
Indications, Telephony and Telemetering” initiated in 1949 by the C.E.G.B. 
(the then British Electricity Authority) in collaboration with the Automatic 
Telephone and Electric Co. Ltd., Standard Telephones and Cables Ltd., and 
The General Electric Co. Ltd. This standardised system forms a major 
contribution to improving the operating efficiency of the supply network. 


Everything for telecommunications:— 


THE GENERAL ELECTRIC COMPANY LIMITED OF ENGLAND 


Telephone, Radio and Television Works, Coventry ote 
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FOR A LIFETIME OF PROTECTION 


Looking into it—there is a 
simple way of ensuring a lasting 
and permanent Electrical Instal- 
lation. Use METALLIC Conduit 
Tubes and Fittings. 
METALLIC finishes provide com- 
plete protection against corrosion, 
= and constant accuracy of manu- 
facture ensures easier installation 
and maintenance. METALLIC 
is the sound choice for all 
Electrical Installations. 


CONDUIT TUBES 
& FITTINGS 


THE METALLIC SEAMLESS TUBE CO. LTD., LUDGATE HILL, BIRMINGHAM 3 
ALSO AT LONDON, NEWCASTLE-ON-TYNE, LEEDS, SWANSEA & GLASGOW 


SIMON. EMISSION PER 1000 GRAINS EMISSION PER 1000 GRAINS 
ir oce. pore siimos Re Ma 
-C.0.0, UNDER GUARANTEE DURING TESTS 
HUNCOAT ——— ) GRAINS 
HUNCOAT 3 rf Ri . rf 


COMPANY 


CHADDERTON ‘B’ Peey Sete : 
CHADDERTON ‘B’ ee. erent ie 
FLEETWOOD e Mabcncsmueeeey 
FLEETWOOD Se Sea 


HACKNEY ‘B’ 
under official acceptance test conditions. 


a | 
Cie ROGERSTONE 
E ie 1000 GRAINS IN 
* Awaiting confirmation. 


HIGH EFFICIENCY ELECTRO-PRECIPITATION BY Szmon-Carves Lid e 


STOCK PORT, ENGLAND 


SIMON-CARVES 
ELECTRO- 
PRECIPITATOR 


Based on results achieved at M.C.R. load 


OVERSEAS COMPANIES | 


Simon-Carves (Africa) (Pty) Lid: Joh 
SC 199/PS ohannesburg 


Simon-Carves (Australia) Pty Ltd: Botany, N.S.W. 
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_ 18 motors in a large chemical plant 


_ ~all controlled from one central panel 


This Dewhurst panel, recently installed 

in an expensive chemical plant situated on the 
North-East coast, provides positive central control 
of 75 motors, ranging from 3 to 50 h.p. located 


‘jn various processing departments of the plant. 


Je 
~DUPAR~ 


WWW 


DEWHURST & PARTNER LIMITED 


INVERNESS WORKS > HOUNSLOW; MIDDLESEX 


Telephone: Hounslow 0083 (8 lines) Telegrams: Dewhurst Hounslow 


and at BIRMINGHAM + GLASGOW - GLOUCESTER - LEEDS - MANCHESTER - NEWCASTLE - NOTTINGKAM 
DP.IS 
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SPECIALISTS IN 
INDUSTRIAL CONTACTOR 


GEAR, AND 
ALLIED EQUIPMENT 


A.C. AND D.C. STARTERS 


A.C. DIRECT- ON-LINE 


ESNTACTOR with load wractie: Shela t # STAR-DELTA STARTERS 
wi : . 
A FEW breaking interlocked iso- Sizes up to 400 h.p. Up to 150 h.p. 


lating switch. Up to 30 hp. 


EXAMPLES 
FROM A WIDE 


RAN G . FOR MOST INDUSTRIES 


AND APPLICATIONS 


Automatic Gear can give 
almost any required opera- 
tion and while some applica- 
tions would not be economic, 
a surprisingly yah pesater ries 
to-day are not only possible . : . f 
but exipamiely profitable. Our DMT Se ee pe ee one 
Automation Engineers will OF Nee ee ere for ordinary or 


control circuits. 
be glad to advise you. heavy duty. 


CONTROL ACCESSORIES 
“DONOVAN ELECTRICAL CO. LTD. GRANVILLE sTREET, BIRMINGHAM 1. 


y»LONDON DEPOT: 149-151, York Way, N.7. GLASGOW DEPOT: 22, Pitt Street, C.2. 


Why a GAST IRON Airheater ? 


Cast iron, as has long been established, has remarkably 
good corrosion resisting properties under the operating 
conditions of an airheater, and will give many times the 
life of steel constructions. 


The Kablitz-Green Airheater, being of the plate-type with 
extended surfaces having slightly curved and staggered fins 
gives high heat transfer rates with minimum loss of air, 
and gas draught. 


Installations are very compact. No driving mechanism is 
involved and there are no power costs. Cleaning can readily 
be done by any conventional system. 


Further particulars available on request. 


The KABLITZ-GREEN 
Gast Iron AIRHEATER 


Manufactured by the makers of the world famous 


GREEN’S ECONOMISER 


E. GREEN & SON LTD. * WAKEFIELD 


) 
Makers of economisers for more than one hundred years | 


4 
= 
4 
4 
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a truly flexible coupling 
Stainless steel membranes put flexibility into Metastream Couplings— 
they provide lateral, angular and axial flexibility independent 
of the torque transmitted—they are corrosion resistant to a high degree and 
unaffected by operating temperatures and atmospheric conditions. 
Prices Reduced. Improved manufacturing methods, increased 
production and lower cost of raw materials, enable the prices 
of the popular sizes of Metastream Couplings to be reduced by 10°% below list. 


METASTREAM — xz roypect cnpitia fs the poyel due 


Does not require lubrication. spacer and non-spacer 


light duty spacer 


Simple all-metal construction. SERIES 3 
eg non-spacer for 
single bearing units 


No springs—gears—chains—rubber 


bushes—roller or sliding members. cardan shaft units 


the cheapest all metal non- 
No thrust transmitted. lubricated coupling in the world 


There’s a complete range of couplings for all duties and horse-powers. Please write for full details. 


METADUCTS LIMITED 


METADUCTS LIMITED, CATHERINE WHEEL ROAD, BRENTFORD, MIDDX. TELEPHONE EALING 3678 


A MEMBER OF THE CONCENTRIC GROUP OF COMPANIES, 
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EXCLUSIVE CHOICE 
FOR 


BLYTH POWER 
STATION 


PRECIPITATORS 


ALL FOUR BOILERS 
OF BLYTH ‘A.’ POWER 
STATION WILL BE 
.EQUIPPED WITH 
LODGE-COTTRELL 
PRECIPITATORS: AND 
THE FIRST TWO 
BOILERS OF BLYTH ‘B.’ 


THIS PHOTOGRAPH aoe 


He 
bi 
A 
7 
yy 
re 
Be. 
46, 


TORS FOR TH FIRS TWO With Acknowledgments to: aie plecurscity Generating Board. piso, Eahcock & Were & Co. Lt 


BOILERS OF 'A.’ STATION. erz & McLellan. essrs. Yarro 
LODGE-COTTRELL LIMITED, GEORGE STREET PARADE, BIRMINGHAM. Tel. CENtral 7714. LONDON: CENtral 5488. 
CONTINENTAL EUROPE: Leon Bailly, Ingenieur Conseil, Avenue des Sorbiers, Anseremme-Dinant, Belgium. 
OVERSEAS AGENTS: SOUTH AFRICA: 76 Magor House, 74 Fox Street, Johannesburg, South Africa. ® qe 
AUSTRALASIA: F. S. Wright, 465 Collins Street, Melbourne, Australia. : 


One of the G lel 


“K” Series of Meters 


3 PHASE 
3 WIRE 
PRECISION 
PATTERN 
with “FLICK” 
CONTACTOR 


Please apply to us 
for appropriate 
Catalogue Sec- 
tions covering the 
“KK” series of 
meters. 


AXA tA 


| 
Chamberlain & Hookham Ltd. 


SOLAR WORKS, BIRMINGHAM 5. — Telephone: Midland 0661 & 0662 


London Office: Magnet House, Kingsway, W.C.2 Telephone. Temple Bar 8000 


ZENITH 


(REGD. TRADE-MARK) 


PHASE SHIFTING 
TRANSFORME) 


This instrument provides c 
venient means for adjus 
B. the phase angle or po 
factor in alternating cun 
circuits when testing sil 
or polyphase service met 
wattmeters, or power fa 
indicators, etc. It is also 
simplest means for teacl 
and demonstrating Alterna 
Current Theory as affec 
phase angle and power factor 


Illustrated brochure free on request 


The ZENITH ELECTRIC CO, Lt 

ZENITH WORKS, VILLIERS ROAD, WILLESDEN GR‘ 
LONDON, N.W.2 

Telephone: WILlesden 6581-5 Telegrams: Voltaohm, Norphone, Lot 


MANUFACTURERS OF_ ELECTRICAL EQUIPMENT 
INCLUDING RADIO AND TELEVISION COMPONENTS 


LS SS SS SSS 


F< eee ov 


FOR QUICK DELIVERY—24 hours despatch 

of popular items—you can’t beat Brookhirst! 
Fulltechnical information and prices of the widest and 
most adaptable range of standard control equipment 
ever offered are given in Catalogue 32. 


Write now for your copy, and also for a copy of Short 


Delivery List. 
(Right) Type SC-618 small horse-power 
A.C. automatic straight-on starter with 
block type contactor and combined over- 
load and single phase protection. 


BROOKHIRST SWITCHGE 


A METAL 
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gore 


SPECIALISTS IN MOTOR CONTROL 


AR LIMITED .NORTHGATE WORKS 


INDUSTRIES GROUP COMPANY 


CHESTER 


cvs-65 
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3-kV METALGLAD AIR 
INSULATED SWITCHGEAR 


This unit, the first of its type produced in Britain, is 
designed to provide economic switchgear for 33-kV 
networks. 

® Economy in Space—Seven-unit substation of UE1 
equipments, occupies only 1/10 the space of a con- 
ventional outdoor station. 

® Economy in Construction—A seven unit switch- 
board was installed in three weeks from the laying of 
the foundation frames. 

® Economy in Siting—As the unit requires only a 
fraction of the space of an open type layout there is 
greater flexibility in the choice of site. 

@ Ease of Maintenance—Motor operated mechanism 
raises or lowers the oil circuit breaker to permit in- 
spection and maintenance in all weather conditions. 


For further details please write for publication No. 542 


SOUTH WALES SWITCHGEAR LIMITED 


BLACKWOOD - MONMOUTHSHIRE Works at Treforest and Blackwood. 
SWITCHGEAR -: SWITCHFUSEGEAR - TRANSFORMERS - CONTROL BOARDS 


TGAG23 


FOR LONG SERVICE 
UNDER ARDUOUS CONDITIONS 


THREE ALL ISOLATING FLUSH 
FRONTED CUBICLE FUSE 
SWITCH AND MOTOR CONTROL 
BOARDS. INSTALLED ON AN 
OIL DRILLING PLATFORM FOR 
OFF-SHORE. OPERATIONS NEAR 
BRUNEI, BORNEO. 


STAND No. 2, ROW F. 
GROUND FLOOR 
A.S.E.E. EXHIBITION 


ELECTRO MECHANICAL MEG. CO. LTD. 


Subsidi Yorkshire Swi , 
ae Aas eee wikchgear. Head Office and Works: MARLBOROUGH STREET, SCARBOROUGH. Telephone: SCARBOROUGH 2715-6 
London Office and Showroom : GRAND BUILDINGS, TRAFALGAR SQUARE, W.C.2. Telephone: Whitehall 3530 


PATENT No. 783957 
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HIGH POWER 


SULICON 


RECTIFIER 


SUACIES 


a Ratings up to 150 amps. 
Size 12” x 5” x 43” (incl. 
mounting brackets). 


Ratings up to 40 amps. 
Size 6%” x 3” x 2%” (incl. 
mounting brackets). 


Ratings up to 16 amps. 
Size 2?’ x 23" x 2” (incl. 


mounting brackets). 


igh power silicon reeuhen hae 
ications in the aircraft, electronic, 


engi 1eering ndustries. including aircraft and — 
3 Ea ae rad systems, compu- 


| ao MILL: CHADDERTON - OLDHAM: LANCASHIRE _ 
_ Telephone: MAIn 6661 


oe KINGSWAY, LONDON WG Tel: TEMple Bar 6666 


FE i86/2 
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Publications of 
THE INSTITUTION OF ELECTRICAL ENGINEERS 


Journal of The Institution—Monthly 
Proceedings of The Institution 


Part A (Power Engineering)—Alternate Months 
Part B (Radio and Electronic Engineering—including Communication Engineering)— 
Alternate Months 
Part C (Institution Monographs)—In collected form twice a year 


Special Issues 


VoL. 94 (1947) Part IIA (Convention on Automatic Regulators and Servomechanisms) 
VoL. 94 (1947) Part IIIA (Convention on Radiocommunication) 
VoL. 97 (1950) PART IA (Convention on Electric Railway Traction) 
VoL. 99 (1952) ParT IIA (Convention on the British Contribution to Television) 
VoL. 100 (1953) Part IIA (Symposium of Papers on Insulating Materials) 
Heaviside Centenary Volume (1950) 
Thermionic Valves: the First 50 years (1955) 

VoL. 103 (1956) PART B SuppLeMENTS 1-3 (Convention on Digital-Computer Techniques) 
Vo. 103 (1956) Part A SUPPLEMENT 1 (Convention on Electrical Equipment for Aircraft) 
VoL. 104 (1957) Part B SupPLEMENT 4 (Symposium on the Transatlantic Telephone Cable) 
VoL. 104 (1957) PART B SUPPLEMENTS 5-7 (Convention on Ferrites) 

Vo. 105 (1958) PART B SUPPLEMENT 8 (Symposium on Long Distance Propagation above 30 Mc/s) 
VoL. 105 (1958) PART B SuppLeMENT 9 (Convention on Radio Aids to Aeronautical and 
Marine Navigation) 

Vo. 105 (1958) PART B SUPPLEMENTS 10-12 (International Convention on Microwave Valves) 


* 
PROCEEDINGS - Paper and Reprint Service 


PAPERS READ AT MEETINGS 
Papers accepted for reading at Institution meetings and subsequent republication in the Proceedings 
are published individually without delay, free of charge. Titles are announced in the Journal of The 
Institution, and abstracts are published in Science Abstracts. 
REPRINTS 
After publication in the Proceedings all Papers are available as Reprints, price 2s. (post free). The Reprint 
contains the text of the Paper in its final form, together with the Discussion, if any. Those who obtain 
a copy of a Paper published individually—if they do not take the Part of the Proceedings in which it will be 
republished—are urged to apply in due course for a Reprint, as this is the final and correct version. 
CONVENTION PAPERS 

Papers accepted for presentation at a Convention or Symposium, and subsequent republication as a 
Supplement to the appropriate part of the Proceedings, are published shortly before the Convention, but 
are usually available only in sets. No Reprints are available. ; 

MONOGRAPHS 
Institution Monographs (on subjects of importance to a limited number of readers) are available separately 
price 2s. (post free). Titles are announced in the Journal and abstracts are published in Science Abstracts. 
The Monographs are collected together and republished twice a year as Part C of the Proceedings. 


An application for a Paper, Reprint or Monograph should quote the author’s name and th i 

’ 8 € serial 
number of the Paper or Monograph, and should be accompanied by a remittance where appropriate. For 
convenience in making payments, books of five vouchers, price 10s., can be supplied. 


SCIENCE ABSTRACTS 
Published monthly in two sections 


SEcTION A: Physics 
SECTION B: Electrical Engineering 


Prices of the above publications on application to the Secretary 
of The Institution, Savoy Place, W.C.2. 
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HEAT EXCHANGE EQUIPMENT 


Two Serck O.F.B. Type 
Transformer Oil Cool- 
ers mounted on a Par- 
sons 45 MVA, 3 phase, 
132 KV Transformer for 
the Central Electricity 
Generating Board. 


SR/E2 


for the Electrical Industry 


Transformer Oil Coolers (Oil and Water Cooled). 
Air to Air Coolers for Transformers. 
Water Cooled Air Coolers for Alternators and Motors. 


Air to Air Coolers for Motors. 


t+ + + + 


Hydrogen Coolers for Alternators. 


SERCK RADIATORS LTD - WARWICK ROAD : BIRMINGHAM 11 
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the 
homes 


fund 


The ‘Chesters’ 
Residential Estate 
at New Malden, 
Surrey, was opened 
on the 18th May, 
1951, and the pic- 


ture shows some of the first 16 of 


the 26 homes, which are intended for 
members of The Institution or their depen- 
dants whose needs have come to the notice 


of the Governors of the Benevolent Fund. 


---—> £6.000 is still needed + - - - 
to reach the £50,000 target 


) 
i 
CONTRIBUTIONS HOWEVER SMALL ARE WELCOMED AND MAY | 
| BE SENT TO THE HON. SECRETARY OF THE INCORPORATED , 
BENEVOLENT FUND, SAVOY PLACE, LONDON, W.C.2, OR HANDED : 
TO ONE OF THE LOCAL HON. TREASURERS OF THE FUND. l 
L | 
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GIEENAIN 


CLOSED CIRCUIT 


AIR 
OOLER 


Lengthy experience in practical design 
Wide variety of ducting and damper layouts 
Highly efficient cooling surfaces 
Heavy and robust construction 
Special attention to ease of access and maintenance 


HEENAN & FROUDE LIMITED Ps WORCESTER ® ENGLAND 


( Xxxvili ) 
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Barking, with its A, B and C statio 
the largest single concentrations of ¢ 
station generating plant in Europe, with a 
total installed capacity of ? million kilow 
All theboilers at Barking are BABCOCK * 
units and the latest, No. 44, is the first central-st. 
with Cyclone-firing. This is a Radia 

at 950 lb./sq. in. and 940°F, equipped with thre 
burning crushed coal, with axial et 


nit operating in Great Britain 
iler with an output of 540,000 Ib./hr. 
ameter Cyclone Furnaces 


Solves the ash-disposal pro 


The Cyclone Furnace, by converting the ash to a granular slag th 
usable on civil works, provides an effective, economic solution of 
It burns a wide range of coals with high efficiency; impros 


ily handled and readily 
isposal problem. 


Over 100 BABCOCK 
Cyclone-fired boilers 


are ordered or in service in various 


countries. In Britain, units in 
service, under construction or on 
order, range from large industrial 
boilers of 200,000 lb./hr. up to 
central-station units of 860,000 


lb./hr. to steam 120 MW generators. 


BABCOCK & WILCOX LTD., BABCOCK HOUSE, 209 EUSTON ROAD, LONDON, N.W.|I. 


“ll 
ot 


) 
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INDEX OF ADVERTISERS 
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COOLERS 


for ALTERNATORS, MOTORS 
GENERATORS AND TRANSFORMERS 


Over many years the company’s technicians have 
progressively developed special cooling equipment 
in conjunction with the Electrical Engineering In- 
dustry. The extensive knowledge gained thereby en- 
sures the successful solution of all cooling problems. 

For most installations either water-cooled or air- 
cooled equipment is used, the usual Alternator or 

Motor Cooler is water-cooled, 
whilst for Transformer Cooling § 
both water and air-cooled designs 

are in use. 

Each installation receives individual 
attention, and is designed to meet with 
requirements peculiar to the particular 

design and conditions. 

Other products include Air Heaters, 

Diesel Engine Coolers, Compressed Air 
Coolers. 


. Air Blast 
a Transformer Cooler 


Water Cooled Air Cooler 
Closed Circuit Motor Cooler 
Write now for full details. NS 
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INAUGURAL ADDRESS 
By S. E. GOODALL, M.Sc.(Eng.), F.Q.M.C., President. 


‘ELECTRIC CABLES’ 
(Address delivered before THE INSTITUTION 9th October, 1958.) 


At this moment in the career of a newly-elected President of 

our great Institution, he stands before his friends with feelings 

so complex that they are not easy to analyse: trepidation is 
_ offset to greater or lesser extent by self-confidence; sense of great 
responsibility by sure knowledge of the support which will be 
_ afforded by colleagues, in particular by the immediate Past- 
_ President, and sense of inadequacy by determination to do 
one’s best. All these, and more, J am sure my predecessors have 

felt before me, and I doubt not my successors in office will share 
them in due course. 

I can only express my very sincere appreciation of the signal 
honour conferred upon me, and assure you that, despite my 
_ obvious deficiencies, I will do my utmost in the year ahead to 

uphold the high traditions and standards established by the 
- many distinguished men who have done so much for our cor- 
porate body in previous years. It is a very real privilege to 
_ have one’s name included in such a list. Quite apart from their 
technical and professional ability, they share one distinction in 
common: they have been and are always ready to encourage 
-and help the younger man. This is a tradition which is among 
the finest cherished by our Institution. 
_ This is not the first occasion on which the electric cable 
industry has been honoured by the selection of one of its 
“members as President. Moreover, it is not the first occasion 
on which such selection has been made from the company with 
which I am associated, and I shall, I trust, be forgiven for a 
- feeling of some pride in this fact. 

As it happens, none of these gentlemen took as the subject 
of his Presidential Address a review of the past achievements, 
“present state of development and future prospects of electric 
cable making. Reminding myself very firmly of the old and 
well-known adage, ‘Fools rush in where angels fear to tread’, I 
propose to attempt such a review. I believe that a useful purpose 
may be served if only by the demonstration of the enormous 
‘complexity of the technical and other problems that confront 
the industry to-day, due, in no small measure, to the machina- 
tions of such curious bedfellows as chemists and politicians. 

Last year on this occasion we were treated to a masterly 


VoL. 106, Part A, No. 25. 
© 1959: The Institution of Electrical Engineers 


exposition of the incredibly rapid growth of one of our modern 
branches of industry—that connected with radio valves. Mr. 
Goldup chose as his significant date 1904. I make no apology 
for choosing a somewhat earlier date as my reference point, 
namely 1812. For it was in that year that Sommering and 
Schilling conducted a series of experiments in which a soluble 
material, said to be indiarubber, was first used for insulating 
wire, following a suggestion made by a Spaniard, named Salva, 
in 1795 concerning the feasibility of submarine telegraphy. 
Curiously enough, this first ‘cable’ developed by Sommering 
and Schilling was in a sense a power cable as the objective was 
the detonation of mines. For at least another 50 years, however, 
practically all development was to be concerned with telegraphy. 
It is not my intention to attempt to provide anything like a 
complete history of the early days of cable making, but it may 
not be without interest to high-light a few of the more important 
early events, and, at the same time, to remind ourselves, albeit 
very briefly, of the concurrent political and social background. 
As the 19th century began, we were still very largely living in 
rural communities. Communication and transport were diffi- 
cult and slow, and the great drift from country to town had not 
begun. Some branches of industry were established, of course. 
For example, it has been estimated that there were 100000 men 
and women, and 60000 children, many of whom were very 
young, employed in the cotton mills. Such factory regions as 
there were formed a very small part of the whole, and many 
people were almost, if not wholly, unaware of the terrifying 
conditions that were developing, not only in the factories and 
mills themselves, but also in the slums which were springing up 
around them. There is no doubt that we have paid very bitterly 
in terms of mistrust and misunderstanding for many years for 
the callous misuse of human beings by our industrial forerunners. 
Despite this ugly blot, it would appear that, for the majority of 
the population, England was probably a very pleasant place. 
This was the heyday of the country craftsman, who justly held 
himself to be as good as any man. For the rich minority it 
must have been very pleasant indeed. English art was probably 
at its peak, as such names as Reynolds, Romney, Gainsborough, 
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Sheraton, Hepplewhite, the Adam brothers, Capability Brown, 
and many others, will remind us. In literature and poetry also, 
great names will spring to mind. This was also the age of 
reform and revolt against the barbarous practices and customs 
of the times, so that the leading thinkers were beginning to arouse 
opinion against the cruelties of the day, even while new bar- 
barities were being invented by many of the industrialists. 

No account of this kind, however sketchy, can pass over the 
fateful year of 1831, in which Michael Faraday ennunciated and 
demonstrated the laws of electromagnetic induction, and thus 
made possible the generation and distribution of electrical 
energy. For the first time, it became apparent that cables would 
be required for such purposes, as well as for submarine tele- 
graphic communication. Meanwhile, contemporary scientists 
and engineers were devoting a great deal of thought to the new 
technology of telegraphy, and schemes for achieving long- 
distance communication were receiving active consideration. 

One of these developments is worthy of note. This was the 
Wheatstone and Cooke underground system for telegraphs, 
developed in 1837. It consisted of copper wires, supported at 
intervals in iron pipes by being laid in grooves in baulks of 
timber. An installation of this kind was laid in 1838 between 
Paddington and West Drayton for the Great Western Railway 
and operated successfully for at least seven years. This may 
be regarded as the forerunner, not only of the methods adopted 
by Crompton and others for power distribution, but also of the 
modern high-frequency coaxial cables used for long-distance 
telephony and television. 

By the middle of the century a number of successful telegraph 
systems were operating in this country, developed and owned 
by telegraph companies. Practically all the lines were overhead, 
and where underground installations were adopted considerable 
trouble, due to ingress of moisture, had been experienced. 
Meanwhile, the newly discovered natural gum, known as gutta 
percha, had been introduced into this country and used for a 
variety of purposes, mostly domestic. The practical application 
of this material as a cable insulant was due to Werner Siemens 
in Germany, and his early trials led eventually to the widespread 
use of this material for both underground and submarine cables. 
It is believed by some that Faraday suggested this possible use 
of the material to his friend William Siemens, who sent a sample 
to his brother Werner. It is certain that a sample was so sent, 
and it is interesting to remember that Sir William was, some 
twenty-odd years later, to become our first President. 

By 1851, the first cross-Channel telegraph cable was success- 
fully laid. By this time also several manufacturing companies 
producing both telegraph instruments and cables were estab- 
lished, and two or three of these in fact were to survive as 
household names to this day. 

Meanwhile, social conditions were changing considerably. 
Although landed interests were still dominant, industry was 
expanding at an enormous rate, and the railways, commenced 
in 1825, were now running 2000 miles of line. Factories, 
hitherto confined almost wholly to the north, were now appearing 
near London and other cities. The population of London, 
only 750000 at the start of the century, was now well over 
two million. The rich landowners, living in their great London 
houses, were challenged in wealth and power by the newly- 
enriched commercial magnates, while at the other extreme many 
lived in abject poverty in filthy slums, or shared the fate of the 
down and outs and homeless urchins, who slept in their thousands 
under the arches of the Adelphi or Waterloo Bridge. The 
import of cotton was now four times as large as in 1800, and 
accounted for nearly one-third of the whole trade of the nation. 
Legislation to limit hours and improve conditions in mills and 
factories was beginning to take shape, and very slowly some 


slight mitigation of the worst of the industrial evils was being 
achieved. Free trade had triumphed as a political doctrine; the 
threat of revolution was over, and the outlook for trade and - 
industry was fair indeed. 

It was against this background that Albert, the Prince Consort, 
pressed on with his idea for an exhibition of industry in London, 
which culminated in the opening of the Great Exhibition in 
Hyde Park by the young Queen Victoria in 1851. Then followed 
the magnificent achievement which was to establish British 
supremacy in submarine cable work for the next hundred years, 
and maybe more. After two tragic and expensive failures, it 
was in 1866 that a successful transatlantic cable was laid by a 
company formed primarily for that purpose. It is, I think, of 
particular interest to record that Sir John Dean, who is now 
Chairman of that same company, is a Member of the Council 
of this Institution, Moreover, as I am sure you realize, it is only 
a few years ago since he played a leading part in that epoch- 
making submarine cable success, namely the transatlantic tele- 
phone cable. With this project, of course, the name of our 
distinguished Past-President, Sir Gordon Radley, will always be 
associated. 

By 1871, there were sufficient engineers in this country directly 
concerned with telegraphy to render it desirable for them to 
form a learned society of their own for the purpose of discussing 
their mutual technical and scientific problems. In that year, the 
Society of Telegraph Engineers was formed, and the first meeting 
took place in 1872. It is with pleasure and pride that I recall 
that among the list of original members is to be found the name 
of W. T. Henley. Fifty years later, in 1922, our membership 
had grown to 10000, and to-day, after a further 36 years, we} 
number over 44000. ; 

The first Presidential Address, given by Sir William Siemens, 
made considerable reference to the problems of line conductors 
and insulation. The first paper to make direct reference to 
submarine cables was communicated by Professor Fleeming- 
Jenkin, and was published in May, 1872. In 1873, a paper by 
G. E. Preece (the Secretary), entitled ‘On Underground Tele- 
graphs’, was read and discussed. It was, however, during a 
debate held by the Society in February, 1876, that the English 
predominance in submarine telegraphy was emphasized by 
Sir William Siemens, who said, ‘Submarine telegraphs are 
specifically English enterprises. I might go further, and say 
every submarine cable which is now working is, almost without 
exception, the produce of this country, and has been shipped 
from the Thames’. 

Almost from the inception of the new Society, it became 
apparent that the interests of electrical engineers would not be | 
restricted to telegraphy alone, and it is greatly to the credit of 
our founders that they had the foresight to welcome and 
encourage engineers and scientists concerned with other aspects 
of electrical work, so paving the way for our own broad con-— 
ception of the field of electrical engineering. And so it was, 
in order to connote the extending scope of activity, that the 
name of the Society of Telegraph Engineers was altered by the 
addition of the words ‘and of Electricians’ in 1881. This change | 
was to be considered adequate for only a few years, and in 
1888 the Society was renamed ‘The Institution of Electrical 
Engineers’, a choice which has stood us in good stead for the 
last 70 years, and which we trust will continue to serve the needs | 
of succeeding generations for many years to come. 

Meanwhile, the use of electricity for lighting was beginning 
and attention was focused on the possibility of distributing power 
underground. At first only direct current was employed and_ 
low-voltage distribution was only possible up to short distances 
from the generating source. During this period, many of the 
systems developed did not use cables, but employed conductors 
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supported on insulators in ducts or trenches. Where cables 
as such were employed, rubber soon achieved recognition as 
one of the best insulating materials. 

It was the pioneer work of the young Sebastian de Ferranti 
that really blazed the trial for the development of power cables 
as we understand them to-day. In 1887, as Chief Engineer of 
the newly-formed London Electricity Supply Corporation, at 
the advanced age of 22, he was responsible for the conception 
and design of the first large London power station at Deptford. 
This bold scheme broke new ground in many directions. It 
was the first successful demonstration of the advantage of high- 
voltage transmission, 10000 volts being, according to contem- 
porary opinion, both highly dangerous and impossibly difficult 
technically. Moreover, there were many opponents to the use 


_ of alternating current, and little; if any, faith in the newly- 


invented transformer. Not content, however, with overcoming 


all the practical and personal difficulties associated with such a 
_ venture, the young Ferranti was soon dissatisfied with existing 


types of cables, and designed and superintended the manu- 
facture of an entirely new cable for his mains. In doing so, he 
produced the first high-voltage impregnated-paper power cable; 
a type which, although the subject of research and development 
and improvement over the years, has remained practically 
unchallenged for power purposes until the last few years. He 
also decided to employ a new type of construction, namely 
concentric conductors, and this point alone aroused a storm of 
criticism. It is, perhaps a sad reflection on our highly, and 


_ maybe over-, organized State to-day, that such a young genius 
would almost certainly find his ideas strangled by officials, 


committees, regulations and so on—those apparently indis- 
pensable features of the age in which we live. 
By 1900, single-core and 3-core impregnated-paper lead- 


sheathed cables of several different designs were being supplied 


_ rapid rate. 


by several manufacturers, and demand was growing at a very 
This period is, of course, within the memory of 
some of our contemporaries, but, nevertheless, it may be of some 
interest to remind ourselves of one or two features of the time. 
General education was beginning to take effect. The school 
leaving age was raised to 14. The Board of Education was 


formed. Free elementary education had been made generally 


available only nine years earlier. Education, housing, transport, 
paving and, last but not least, street lighting, were now the 
responsibility of the newly-formed local authorities. Social 
responsibility, hitherto the prerogative of the minority, began to 
permeate public life. Public conscience and sense of responsi- 


_ bility was at long last aroused, and determined to enforce many 


belated reform measures. 

In this atmosphere it was inevitable that such an industry as 
ours, uniquely equipped as it is to provide social services and 
amenities of many kinds, should flourish and expand, and as an 
essential component of the electrical industry, the cable making 
industry kept pace with this expansion. 

Two of the earliest intruders into the telegraph monopoly 
were the electric light and the telephone. We have already seen 
how the demand for lighting created a need for cable develop- 


-ment. The telephone, invented in 1876 by Alexander Graham 


Bell, soon posed an entirely new set of problems to the cable 
engineer. The necessary development was made very rapidly 
indeed, once the initial period of neglect of the basic principles 


had been passed. ts 
Demonstrations have always been popular as enlivening 


features of our proceedings, and I am sure many of you shared 


with me the thrill of listening only a short while ago to the 
near-perfect reproduction in this lecture theatre of orchestral 


“music coming to us from the United States over the transatlantic 


telephone cable. I was, however, reminded on that occasion 


of one of the first telephone demonstrations in this country. 
This was arranged by Sir William Preece in the lecture theatre 
of the Royal Institution one evening in March, 1878. He 
arranged to borrow a telephone line running between Southamp- 
ton and London from the London and South Western Railway, 
and this was connected to a microphone in a room in Southamp- 
ton and to a receiver in the Royal Institution lecture theatre. 
The idea was to hear in London a bugler playing 80 miles away. 
Alfred, Lord Tennyson was invited to listen and describe what 
he heard. After a few moments, he reported that he could hear 
nothing at all. This annoyed the lecturer who caught up the 
receiver and said that he could hear quite clearly ‘The Campbells 
are Coming’. That he did so was quite remarkable, for the 
bugler had mistaken the date and did not turn up until the next 
evening. 

Although cable manufacture for telephonic communication 
proceeded apace from about 1890, it was to be many years 
before telephone cable engineers understood and began to apply 
the brilliant theoretical work of Oliver Heaviside, published over 
the years 1885-1887. He set out quite clearly in his analysis 
of the problems of alternating-current transmission the signi- 
ficance of the four factors involved, namely capacitance, induc- 
tance, leakance and resistance. He stressed the importance of 
decreasing the resistance and increasing the inductance of lines 
if long-distance transmission was to be achieved within acceptable 
limits of distortion and attenuation. His emphasis on inductance 
was to remain ignored until Pupin in the United States decided 
to evolve practical means of adding inductance to telephone 
cables. His solution was to add ‘Pupin’ coils at intervals to the 
lines, thus achieving artificial loading. The alternative of con- 
tinuous loading by laying iron wire along the whole length of the 
copper conductor was introduced by a Danish engineer, named 
Krarup, and short lengths of this type were made by the Germans 
for Denmark in 1902. The first British-made cables of either 
type were not to appear until 1910, and this loss of initiative was 
due almost entirely to the lack of technical appreciation and 
leadership of the Post Office. I have already referred to the 
very honourable amends made in this field by succeeding 
generations of Post Office engineers, culminating in the recent 
transatlantic achievement. The first cables used for telephony 
were insulated with gutta percha as they were merely adaptations 
of telegraph cables. In the search for lower leakance, an 
alternative material, balata, was introduced from South America, 
and after a great deal of development work on processing, it 
held the field for submarine purposes until the comparatively 
recent introduction of polythene. Meanwhile, telephone con- 
nections between towns and cities were established mainly by 
overhead lines, while multi-circuit cables soon became necessary 
in the towns. For this purpose, lead-covered cables were intro- 
duced, at first filled with insulating material, such as paraffin 
wax, but soon to be greatly improved by the adoption of the 
dry-core technique, where the individual wires are covered with 
dry paper and advantage is taken of the air interstices to obtain 
low capacitance. 

By the beginning of this century, covered conductors and 
cables were being required in considerable variety for many 
purposes, and this process has extended over the last fifty-odd 
years to such an extent that the manufacturers now devote whole 
factories to different specialized products, and each of these is 
concerned with hundreds, or even thousands, of different types 
and sizes. I cannot possibly encompass the whole range in one 
short address, and will therefore content myself with mention 
of one or two of the more important high-lights before turning 
to the second part, in which I propose to deal with some of our 
present-day problems and developments. 

On the power cable side, the increase in power generated and 
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transmitted has led to continual increase in both voltage and 
current requirements for cables. As voltages increased it soon 
became apparent that special means would be required to 
prevent or suppress ionization within the cable dielectric if any 
length of service was to be achieved. At first progress was made 
in improved impregnation methods and materials and in stress 
control, particularly by screening, but these alone were not 
sufficient to remove the inherent electrical weakness arising from 
the effect of heating cycles. As is now well known, these defects 
arose from the expansion and movement of the cable compound, 
causing eventual distension of the sheath beyond the elastic 
limit and the formation of voids in the dielectric in the region 
of highest stress. The first effective solution of these problems 
was invented by Emanueli in 1920. He employed a thin 
mineral oil under pressure from reservoirs at predetermined 
points in the system. The cable was so designed that free move- 
ment of the oil along the cable ensured complete elimination of 
ionizable voids under all conditions of operation. Although 
great improvements have been effected by Emanueli himself, 
and by his Italian and British friends and colleagues, the oil- 
filled cable remains in principle as originally designed by him. 
Cables of this type are manufactured in this country by three or 
four of the leading cable companies, and the majority of the 
highest-voltage installations, both here and abroad, employ 
this system. We are particularly glad that Dr. Emanueli is a 
member of this Institution. 

The alternative of using high-pressure gas to suppress ioniza- 
tion was first conceived by Fisher and Atkinson in 1920 and 
patented in the United States in 1925. Many years were to 
elapse before there was any exploitation of these ideas in America. 
In Great Britain, however, four of the major cable companies 
evolved solutions of the many practical problems. Although 
development was seriously interrupted by the Second World 
War, there are now a large number of important installations 
employing these types of super-tension cables. 

One other main preoccupation of the cable maker during 
this period deserves particular mention, and that is the develop- 
ment of cables for wiring houses, public buildings and industrial 
premises. The earliest installations were wired with conductors 
insulated with paraffined cotton, but this material was soon to 
be replaced by rubber mixtures of varying degree of efficiency. 

By June, 1882, there was sufficient concern about the risk of 
fire to justify the preparation, by the Society of Telegraph 
Engineers and of Electricians, of their first ‘Rules and Regula- 
tions for the Prevention of Fire Risks from Electric Lighting’. 
These were very short and dealt mainly with the necessity of 
eliminating moisture and making good conductor joints. Cables 
are dismissed in one sentence, ‘All wires used for indoor purposes 
should be efficiently insulated’, and by a reference to the 
desirability of affording protection against abrasion and ‘the 
depredations of rats and mice’. There was also a footnote 
urging frequent testing, as ‘escape of electricity cannot be 
detected by sense of smell as can gas’. Incidentally, an external 
switch was advocated, so that the supply could be cut off at 
once in the event of the potential difference between any two 
points in the house exceeding 200 volts. 

By 1897, a new set of ‘Fire Rules’ was published. This had 
been prepared by a technical committee comprising the whole 
Council together with other experts. It was now concerned, 
not only with lighting, but with the supply of electrical energy. 
Various systems of wiring were being advocated, and from these 
two emerged which were to survive the test of time; these were 
the steel conduit and the lead-sheathed systems. Great improve- 
ments in the production of appropriate rubber compounds 
were effected, together with improved methods of applying the 
insulant and sheath, and the subsequent vulcanization process. 


As the years passed, electricity spread as a source of power 


in many industries, including mining, where very special pre- 
cautions were required, resulting in the development of special 


types of cables. The introduction of electricity into ships, both 
civil and naval, produced a new batch of problems. Later 
additions to the list include aircraft and rocket missiles, and 
doubtless we may anticipate new demands upon us as a result 
of man’s desire to travel in space. 

Another group of cables has been required for signalling 


purposes, first, of course, for the railways. The First World — 


War created a considerably enhanced demand for cables of 
this type, but no other very notable changes in technical require- 
ments arose during the period 1914-1918. The normal products 
of the industry, however, continued to be in great demand 
throughout the period of the war. So much so, that in 1918 an 
official committee reported as follows: 


The manufacturing of electrical machinery and apparatus in | 


Great Britain has been with few exceptions far from prosperous... 
The notable exception has been cable making, which has been con- 
sistently successful in maintaining its lead, both in the quality of 
its manufactures and in financial results, and has been able to hold 
its own in the world’s markets. 


Between the two wars, although considerable technical pro- 
gress was made, there was no very radical change in the 
materials employed. Manufacturing techniques and processes 
were improved. National and international standardization 
proceeded apace. 
economy in the use of materials was effected. Business was 
conducted at a profit level which enabled the leading manu- 


facturers at least to keep pace with plant and process improve-; 
Despite keen competition, and the gradual increase in 
the number of companies engaged in cable work, trade expanded © 


ments. 


steadily both at home and abroad, except,.of course, during the 


general trade slump in the early ’thirties. It was in the field of — 
super-tension power cables that the most notable technical — 
advances were achieved, and I have already made reference to — 
some-of these. A number of important Institution papers were — 
read and discussed by cable engineers and by cable-user 


engineers, and good attendances, with the debate ranging from 
friendly criticism to downright denial, could be guaranteed. 
During the whole of the process of expansion in cable business, 
both in quantity and type, parallel needs had developed for the 
many fittings, accessories, pillar units, fuse units, joint boxes, 
sealing ends, etc., that were required. This has now become a 
highly technical and specialized trade in itself. Although there 
are now a few companies concerned with some aspects of this 


business who are not cable makers, the largest cable making | 


concerns have built up very considerable departments or factories 
for these purposes. 

The Second World War had far greater effect on the work of 
the cable engineers than the first had done. The first impact 
was a sudden demand for high-frequency cables, for radio and 
radar. As the war progressed, higher and higher frequencies 
were employed and the requirements became very stringent. 
Great accuracy and consistency in manufacture became essential, 
and the new plastic material, polythene, came into the picture. 

The difficulty of obtaining adequate supplies of raw rubber 
necessitated a rapid examination of the possibilities of synthetic 
materials, including the now well-known polyvinyl chloride, or 
p.V.c. 


In addition, the larger companies were called upon to develop | 


cables for special purposes, including the so-called ‘buoyant’ 


cable for dealing with mines at sea, and, of course, the famous. 
H.A.LS. ‘cable’, which consisted of a strongly reinforced con-. 
tinuous lead tube laid across the Channel to supply petrol to! 


the advancing allied armies. 


Specifications were tightened. Considerable 


I do not propose to elaborate on} 


| 
| 


| 
| 


| 


f 


these and other war-time cable achievements, as these have been 
well recorded and documented in the Institution Proceedings 
and elsewhere. 

Up to the beginning of the war, certain basic materials and 
Processes had become so well established that it had begun to 
look as though they would never be seriously challenged. Since 
the end of the war, however, the position has changed very 
‘drastically, and I propose to draw your attention to some of the 
‘More important of these changes, which have had a profound 
effect upon the general economy of cable making. 
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employed to produce thin uniform sheet. This sheet rubber is 
cut into long strips which are rolled up and mounted, so that 
they can be fed in pairs between grooved rollers. The wires 
to be covered are passed through the rollers in the grooves and 
between the two strips of rubber. By appropriate design of 
the grooves and adjustment of the gap between the rollers, it is 
Possible to cover the wires with seamed rubber. As many as 
36 wires can be passed through the same number of grooves in 
one pair of rollers. This process can be repeated in tandem by 
using two more pairs of rollers in the same machine, thus pro- 


Fig. 1.—Covering of conductors by the longitudinal method. 


The primary factors which have brought about these changes 
are: 


: (i) Introduction of new plastics. 
(ii) Need for greater economy in the use of materials. 
(iii) Introduction of synthetic rubbers. 
(iv) Advent of entirely new processes due to rapid growth in the 
cable-plant manufacturing industry. 
(v) Development of automatic control systems. _ 
(vi) Competition in world markets from Continental manu- 
facturers. ‘ 
(vii) Increasing demand for cables for special purposes and 
arduous conditions, such as high temperature, low temperature, 
operation after fire, etc. 


The first example which I have selected is concerned with the 
manufacture of the smaller sizes of rubber-insulated and -sheathed 
cables, such as those with which we are all familiar in domestic 
applications. 

The well-established method of covering, usually called 
‘longitudinal’, includes the following processes. After prepara- 
tion of the appropriate rubber compound in the form of Slabs, 
a calendering process, similar to that used in paper making, is 


ducing the well-known 3-layer dielectric. Fig. 1 shows one of 
these machines in operation. The covered wires are taken up 
on reels at the far end of the machine. Subsequently, these 
covered wires, or cores, are rewound on to drums which are 
wheeled into a large vessel into which low-pressure steam can 
be fed to effect vulcanization of the rubber. 

A further rewinding process is necessary after vulcanization 
before the finished core is ready for the further operations 
necessary to produce a finished cable. It will be appreciated 
that this method is far from efficient, involving as it does several 
discontinuous processes, particularly at the longitudinal- 
covering machine itself, which has to be stopped each time one 
of the coils of strip rubber runs out. 

The modern alternative, developed since the war, is known 
as ‘continuous vulcanization’. In essence it may be described 
as follows. Rubber compound in the form of thick strips is 
fed into the hopper of a rotary-screw extrusion machine, so 
designed that the compound is forced on to the wire to be 
covered as it passes through the ‘head’ of the machine, at a 
fairly high speed. Immediately on leaving the head the covered 
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Naturally, a transition of this magnitude has not been achieved _ 


wire passes into a long well-lagged steel tube containing high- 

pressure steam. Lengths of the order of 150ft are usually 

employed. At the far end of the tube, the now vulcanized core 

is passed through a high-pressure water bath and wound up on 

to large spools. In its most highly developed form, as illustrated 

in Fig. 2, this plant is run continuously for a whole working 
® 


without overcoming a multiplicity of new technical problems, 
many of which have only been solved by introducing high- - 
precision engineering methods. Very considerable chemical 
problems also required solution, for the compounds evolved 
for the older process were not found to be entirely satisfactory 


oe 


Fig. 2.—Continuous vulcanization plant. 


shift of eight hours, or even longer. Arrangements are provided 
for feeding in the bare wire from a succession of drums without 
any interruption of the extrusion process. Similarly, at the far 
end, take-up on to a succession of drums is provided without 
any necessity for stopping the machine. Moreover, fully auto- 
matic control is provided, so that any variation in the thickness 
of the rubber covering is immediately corrected by an automatic 
adjustment of speed, effected by electronic control equipment. 
The finished core is produced to very close tolerances. Inci- 
dentally, this equipment is usually designed and developed by 
the cable maker. Some of the leading cable makers now have 
several complete units of the kind I have described, not only 
for the production of the core but also for a range of small- and 
medium-size sheathings. For larger-diameter sheathing, extru- 
sion of the rubber compound is employed, but the vulcanization 
is discontinuous. 

Unfortunately, it is not possible to produce the whole output 
of small- and medium-size rubber core and sheathing by this 
method. The reason is purely one of economics. Due to the 
large variety of size, colour and type of rubber core and cable 
required, it is not always possible to ensure a sufficiently iong 
run on one continuous-vulcanization unit to justify set-up. The 
manufacturer’s occasional reluctance to accept a change of 
colour coding for a particular application will, I trust, now be 
appreciated. 


for the new one. Very close collaboration between engineers 
and chemists was necessary to perfect the processing and ensure 
high-quality production. Some consequent changes in the 
appropriate British Standards have been made comparatively 
recently. 


Of the several plastic materials produced in the last twenty or | 


so years, polyvinyl chloride has so far proved to be the most 
important for general cable-making purposes. Direct extrusion | 


methods are employed for both core and sheath of a wide variety 
of cables, many of which were formerly produced solely by 
using rubber. At first, attempts were made to extrude p.v.c. 
by using plant designed for the extrusion of rubber compounds, 
and although some progress was made, it was soon realized that 
specially designed plant would be required for efficient pro- 


duction. Considerable progress had been made by one or two > 


plant manufacturers in the United States; consequently, during 
the war, plant was imported from America for this purpose and 
allocated to several British cable makers. Since that time, 
however, improved plant has been evolved in this country, and 
in some respects at least it offers advantages by comparison 
with American practice. 


The preparation of p.v.c. compounds for the different purposes | 


required by users is a highly complex and specialized study in 
itself. Some p.v.c. compounds are now obtainable from the 
chemical industry in a form suitable for the extrusion process. 
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: Those cable makers who use large quantities and/or supply 
special-purpose cables, find it desirable, or necessary, to purchase 


the polymer, plasticizers, stabilizers and other ingredients, and 
evolve their own compound formulae. In addition to the 


_ elaborate mixing plant required, further equipment is necessary 


in order to produce the compounded p.v.c. in suitable pellet, or 
granule, form for feeding into the hoppers of the extrusion 
machine. Mixing plant as used for rubber compounds has also 
been employed successfully for p.v.c. compounds. Fig. 3, how- 


_ ever, shows one of the most modern plants recently installed 


specifically for the preparation of p.v.c. compounds. Not only 
does this installation produce the compounded p.v.c. in suitable 


_ form by a continuous process, but specially designed arrange- 


ments are incorporated so that the proportions of various com- 


ponents can be altered by pre-Setting, and thereafter these 
_ proportions are maintained automatically. 


While on this subject, it may be as well to mention another 
growing use of p.v.c. which has recently required further capital 


_ investment, namely anti-corrosion servings. In order to protect 


the lead or aluminium sheath of a cable, either from the corrosive 
effects of soil waters or from the acids produced when textile 


_ servings rot through bacterial attack, it is necessary to provide 
_ protective layers over the sheath and/or, where the cable is 


particularly important or conditions are very bad, protection 
over the armoured tapes or wires. It is often sufficient to 
provide lead-sheathed cables with bitumen compound held in 


_ position by layers of paper and cotton tape, or p.v.c. tape, but 


for aluminium sheaths and for the better protection of lead 
sheaths, a more impervious layer is to be preferred. Rubber 
has been used extensively for this purpose, but more recently 
extruded p.v.c. sheaths have been successfully employed. This 
has necessitated the development of large p.v.c. extrusion 


_ machines which are installed in the paper cable factory. 


The other plastic material which is of major significance in 


' the industry is polythene. I have already mentioned the intro- 


duction of this material for high-frequency purposes. It is very 


suitable as a dielectric for low-voltage use owing to its excellent 


electrical properties. For such purposes as house wiriig, fairly 
large quantities of cable have been used in this country, the 
polythene core being protected by p.v.c. sheath. Fortunately 
for the cable makers, relatively minor modifications to p.v.c. 
extrusion plant are required for the production of small poly- 
thene core. The fact remains, however, that they are now 
producing at least three varieties of these cables employing 
different materials for the same conditions of service. There 


“are one or two important differences in the behaviour 


of the three materials which should be borne in mind when 


' the problem of choice arises. Of these, I would mention the 


following. ' 
Ordinary grades of polythene melt at temperatures slightly 


over 105°C, so that cables using this material are more prone 
to damage by sustained overload or short-circuit. It is true 
that some of the high-density grades now becoming available 


have slightly higher softening temperatures. Moreover, con- 
siderable improvement can be obtained by irradiating with 


“neutrons in an atomic pile, or with electrons from a linear 


accelerator or high-energy Van de Graaff generator. Such treat- 


ment effects cross-linkages between the molecular chains and 


so eliminates the sharp melting-point. Instead, the material 
becomes rubber-like at temperatures of the order of 150° co. 
Unfortunately, the process is expensive, and it appears unlikely 
that polythene treated in this way will be used for anything more 
than special applications. Polyvinyl chloride, on the other hand, 


~ becomes softer as the temperature increases, and while it has no 


sharp melting-point, is subject to the disadvantage that serious 
deformation under mechanical stress could occur at the higher 


temperatures. Neither material is able to withstand the overload 
conditions that can be tolerated by vulcanized rubber, without 
serious consequences. 

Polythene has also been employed successfully for higher 
voltages up to 11kV, although its use has been very restricted 
in this country up to the present. 

In addition to plastic materials, a number of synthetic-rubber 
materials are now available. The monomers which form the 
base of these materials are usually obtained from the petroleum 
base by the cracking process, in which the complex hydro- 
carbons are broken down into simpler ones by being passed over 
catalysts at appropriate temperatures. Developments in this 
field have been more rapid in America than here, and although 
there was considerable need for synthetics during the war, 
interest has waned since, except for special applications and for 
export purposes. The styrene-butadiene type, usually referred 
to as GR/S, has no particular advantages over the natural 
product and is now very little used in this country. 

Polychloroprene, or Neoprene, which contains about 35% of 
chemically combined chlorine, is used for applications where 
good resistance to oil and water is required. It also has the 
advantage that flame does not spread along the material. It is, 
however, inferior electrically and is therefore usually employed 
for sheathings and not for dielectric purposes. Fortunately, 
plant and process problems are relatively minor. 

Butyl rubber, which is a copolymer of iso-butylene and 
isoprene, is receiving increasing attention, particularly as it is 
specified for certain high-voltage export purposes. This material 
is resistant to oxidation and is of low chemical reactivity. 
Processing is, however, by no means simple. 

Another particularly important synthetic is silicone rubber. 
This may be regarded as half organic and half inorganic, as the 
backbone of the molecular chain is a silicone-oxygen linkage, 
similar to quartz. It offers certain unique advantages, and for 
this reason is now being used in H.M. ships and in aircraft. It 
has exceptional resistance to heat, and will operate indefinitely 
at 150°C, and at considerably higher temperatures for short 
periods. After a fire, cables will continue to function if not 
disturbed, as the residue is largely pure silica. Flexibility is 
retained down to —70°C. The electrical properties are similar 
to those of natural rubber. Again special processing is required. 
Fairly large quantities of cables employing silicone rubber are 
now being produced. 

From the foregoing examples, it will be evident that there 
has been a considerable strain on the cable makers’ capital 
resources since the war, and that the demand by the 
industry for highly specialized scientists and technologists 
has also increased materially. Specifications for existing types 
of cables are under constant revision, and every endeavour is 
made to meet the users’ demands for more economic con- 
struction for the same duties or for extension of permissible use 
for the same construction. None of these objectives can be 
achieved without a continuing programme of trial, experiment 
and research, and for effective results constant collaboration 
between the different interests concerned is absolutely essential. 

In one respect the cable-making industry, and indeed the 
whole electrical industry, of this country has been fortunate. 
We have been assured so far of an ever-increasing home market 
on which to base a flourishing export business. Modern political 
trends, however, suggest that we may soon be facing Continental 
competition in our home market. It is true, of course, that 
should this happen Continental markets will also be open to us. 
Whether the redistribution of trade would be of benefit to 
British cable makers depends on many factors outside the scope 
of this address, but one important consideration, namely that 
of standards, is worth examination. Our own British Standards 
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Fig. 3.—P.V.C. compounding plant. 


(a) Storage vessels for raw materials. (6) Compound-making plant. 


for cables have been built up over the years on the basis of 
experience of successful service under our particular conditions 
of installation and use. They are established and modified by 
BS.L Committees, on which representation by users is pre- 
dominant. Much of the experimental work upon which they 
; are based is conducted by the principal members of the Cable 
Makers Association, who have established a structure of tech- 
nical committees to provide this and other services for cable 
users. In addition, valuable basic information and data are 
provided by the staff of the Electrical Research Association, 
_ who have always been closely associated with cable problems, 
_ particularly those which have to do with rating. Our standards 
have formed the basis upon which many of the Commonwealth 
_ countries have developed and are developing standards to meet 
_ their own requirements. Periodic Commonwealth conferences 
_ are held at which mutual problems are discussed, and whenever 
4 possible common policy is adopted. On the Continent, there 
_ are one or two sets of standards which are different from our 
_ own in many respects. At the present time a great deal of 
attention is being devoted to the possibility of reconciling these 
_ differences in whole or in part. There are, of course, differing 
- opinions in our industry and among the users concerning the 
_ desirability of adopting Continental standards in this country. 
For, let’s face it, that is really what reconciliation of differences 
q will very largely amount to, since we speak as only one voice 
in many of the international conferences, such as I.E.C. and 
_C.E.E., where such matters are discussed. My own view is 
_ that the British cable user would be most unwise to agree to 
- such drastic changes without very careful consideration of all 
_ the detailed factors involved. The whole subject of standards 
and standardization is very complex. Over-standardization and 
premature standardization should always be avoided, as they 
retard technical progress and discourage research and develop- 
ment. On the other hand, our own British Standards provide 
_ the best possible safeguard and assurance of high quality, good 
performance and long life. 

And now what of the outlook for cable making in Great 
Britain? First, let us look at some of the technical possibilities 
_ and objectives. 

Commencing with power cables for distribution purposes, 
the demand for the comparatively new non-draining paper 

cable has built up rapidly. This is the type in which the impreg- 
nant is a waxy material which is solid at operating temperatures. 
To-day an appreciable proportion of all low-voltage and high- 
voltage cables up to 11 kV are of the non-draining type, and there 
“seems to be every indication that the demand will increase. 
Meanwhile, considerable interest is being shown in the possi- 
bilities of plastic mains cables. P.V.C. has, of course, been used 
for some years for low and medium voltages for industrial instal- 
lations. The Area Boards and the C.M.A. have been engaged 
recently in a joint study of the potentialities of p.v.c. mains 
cables, and a draft specification for further discussion has been 
submitted to the B.S.I. This covers p.v.c.-insulated wire- 
armoured cables for use up to 1100 volts, and provides alter- 
‘native beddings under, and servings over, the armour. One 
alternative in each case is extruded p.v.c. It would appear that 
some small economic advantage may be achieved by using these 
cables, but, of course, a cheaper form of construction could be 
employed if it were possible to dispense with the armouring and 
use a concentric neutral. The problem of live jointing for 
service conditions is by no means a simple one, however. aS 
system employing these cables would involve the use of protective 
multiple earthing, and this would present considerable diffi- 
‘culties to the distribution engineer. It must be remembered 
that any plastic is likely to be inferior by comparison with paper 
under severe overload or short-circuit conditions. It is evident 
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that it may be some time before these cables are used very 
extensively in this country, although I am confident that we 
shall see some installations of appreciable magnitude in the 
near future. 

At higher voltages, up to 11kV, polythene has been used 
successfully as a dielectric material despite the difficulty of 
ensuring an entirely void-free extrusion. For this reason, 
great care is essential during processing, and highly sensitive 
ionization-detection methods are used as a routine check of the 
homogeneity of the extruded material. 

There has been discussion recently in national and inter- 
national circles concerning the potential use of polythene for very 
high voltages. At present it appears unlikely that any extruded 
plastic material will be used for such purposes except for 
submarine cables, where polythene may well offer some advan- 
tages, particularly for direct-current transmission. It is note- 
worthy that views were expressed at the C.I.G.R.E. meeting 
this year that the limits for polythene were likely to be 33kV 
a.c, and +200kV d.c. For modern conditions of greater power 
and higher voltages, it is now evident that the highly developed 
oil-filled cable system can meet all the requirements which are 
likely to arise for many years to come. Within limits, this is 
also true of some designs of gas-filled cable. A good deal of 
money, time and energy has been devoted in recent years in 
attempts to produce super-tension cables capable of operating 
at high maximum working stresses. It is obviously undesirable 
to go too far in this direction, as the attendant operating risks 
are of necessity increased. Moreover, the apparent economy 
in price afforded by removing two or three layers of paper from 
the dielectric may be more than offset by other operating 
economics when the true value of increased running costs is 
taken into account. I believe the C.E.G.B. engineers are now, 
quite properly, taking these factors into account. 

The drive for economy in use of materials in the manufacture 
of cables is now running parallel with the drive for economy 
in the use of the cables themselves. Although it would be 
relatively easy to determine the maximum current which should 
be carried by a cable under given conditions of installation, it is 
by no means so simple to state appropriate limits in practice, 
as most cables are subject to varying loads often in a daily cycle. 
They may also be subject to overload for long or short periods, 
particularly in times of emergency, and may have to carry 
occasionally short-circuit currents of considerable magnitude 
for periods dependent upon the rate of operatidn of the protective 
apparatus. 

Until comparatively recently, most supply engineers have 
adopted a fairly conservative policy with regard to choice of 
cable size for a given duty, and there is little doubt that a pro- 
portion of the cable buried in the ground in this country has 
never reached the maximum operating temperature for which it 
was designed. On the other hand, it is well known, although 
seldom if ever officially admitted, that some distribution cables, 
particularly at the extremities of rapidly growing load areas, 
have been subjected to considerable overloads. In view of the 
necessity for national economy in such matters, however, some 
important investigations on cable utilization are now being con- 
ducted by the Electrical Research Association in conjunction 
with the Central Electricity Generating Board, the Area Boards 
and the cable makers. The primary objectives are to determine 
the effects of practical operating conditions with a view to better 
utilization of cables already installed, and to provide a more 
satisfactory basis for efficient specification of cables for new 
systems. At the same time, work is in hand to determine the 
limitations imposed by short-circuit considerations. 

Future developments in cables for wiring purposes are unlikely 
to be revolutionary. The trend towards greater use of plastic 
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materials will undoubtedly continue. There will probably be 
continued effort in the direction of reducing dimensions, made 
possible largely by improved processing control methods. 

As I have already indicated, a good deal of attention is being 
devoted to the development of cables capable of withstanding 
extremely arduous conditions. Much of this work has been 
concerned with cables for modern aircraft, where such con- 
siderations as lightness, toughness, ability to withstand extremes 
of temperature, or even to operate after fire, and to resist attack 
from modern fuels and lubricants are of importance. Some of 
the latest types of cables for such purposes are proving to be 
very successful in service, and there is little doubt that even the 
most difficult conditions imposed by aircraft designers will be 
met effectively. 

Expansion of the use of silicone rubber for applications where 
higher-temperature operation is desirable, and/or where tem- 
porary operation after fire is required, will no doubt occur. 
For most purposes, it will be necessary to protect the insulation 
as the material is not resistant to all fuels and lubricants. 

Improvements in p.v.c. compounds will extend the range of 
usefulness of this material, particularly for operation at slightly 
higher temperatures without material reduction in useful life. 

All this, and much more, will undoubtedly be achieved by 
cable engineers, and we may be sure that we in this country will 
continue to play a leading part in many of the future develop- 
ments. 

There remains, however, for the cable-making industry as a 
whole, one fundamental problem which certainly must be tackled 
if we are to be able to face competition from abroad, both in 
home and export markets. It will be evident from the very 
limited range of examples that it has been possible to encompass 
in this address that the two bugbears of cable making are alter- 
natives and variety. By this I mean alternative designs and 
materials for the same duties, and variety of size, type, colour, 
finish, etc., in the vast range of products. The former has 
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particularly afflicted us since the last war and has led to constant 
demand for new plant and plant modifications far outstripping 


the gradual growth in gross demand for cables. The result has © 


been that the industry as a whole now possesses surplus plant 
for many operations, although few, if any, of these operations 
are wholly obsolete. 

If effective progress is to be maintained, two steps would 
appear to be necessary. First, the industry must be prepared 
to face the consequences of rationalization of production. This 
means effective regrouping of manufacture, and obviously 
requires close collaboration in one form or another between the 
different companies concerned. Technical collaboration has 
improved considerably in recent years, but this alone is not 
enough, important as it is to improve still further in this respect. 
Second, the cable users in their own and in the national interest 
must be prepared to accept some measure of restriction of 
choice. To this end, standardization must be directed towards 
the elimination of unnecessary complication and not aim at the 
inclusion of every twist, turn and vagary that can be thought up. 

Finally, let us examine very briefly the possible scientific 
future to see whether there is any indication, even on the remote 
horizon, of the art and technology of cable making becoming 
redundant. As I see the position, there is no such indication. 
The atomic energy age, now so actively beginning, is making 
greater demands upon the whole electrical industry, including 
cable making. University laboratories are beginning to probe 
the possibilities of the thermo-electric generator as a source of 
power direct from heat. The fuel cell is also receiving attention 
as another possible source of small quantities of electric power 
direct from chemical reaction. The fact remains, however, that 
no convenient alternative to electricity capable of providing 
such a wide range of services is even remotely envisaged, and so 
far there is no indication that electricity can be guided and 
distributed, save in very minute quantities, by any convenient 
means other than the electric cable. 
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MEASUREMENT AND CONTROL SECTION: CHAIRMAN’S ADDRESS 
By J. K. WEBB, M.Sc.(Eng.), B.Sc.Tech., Member. 
‘THE SCOPE OF THE MEASUREMENT AND CONTROL SECTION’ 
(Assrract of Address delivered 14th October, 1958.) 


To be elected your Chairman is a distinction and I accept it 
with both pride and humility. I am deeply appreciative of this 
honour, which I feel is a very generous compliment, not only to 
me personally, but also to the great international telecom- 
munication organization which I have been proud to serve 
: During my term of office, I shall 
always strive to maintain the high standard of service set by my 
predecessors. 

I propose to talk this evening about a number of subjects 
which come within the purview of our Section as it is now 


- constituted, in order to illustrate its present scope, and I shall 


approach the task as one who has enjoyed a fairly long and 
varied career as an electrical engineer engaged in industrial 


__ research and development, besides several years’ experience as a 


part-time lecturer. 

The scope of the Measurement and Control Section has been 
greatly extended since its early days, and although it has never 
flagged in its concern for the more fundamental measuring 
devices, the impact of improved analytical methods, the con- 
tinuous urge towards ever greater precision in the definition of 


our standards, the advent of new materials, nucleonics and 


improved measuring techniques, computers, data-processing and 
servo mechanisms, have all added to the complexity of its 
interests. 

It is convenient to divide the work of the Section into five 
main ‘panels’, and I propose to give the heading of each in turn 
and then to indicate its scope by briefly discoursing on one or 
more relevant items. 


Panel 1: Fundamentals, Standards and Laboratory Measurements 


This panel includes notations and theorems-besides the prac- 
tical means of constructing and calibrating standards. 

Let us first consider the question of notation, which is perhaps 
one of the most fundamental things in electrical engineering 
and concerns, amongst other things, our choice and repre- 
sentation of units. This subject may seem rather remote to 
many of you, but just reflect on what life would be like if we 
were obliged to do our sums in Roman numerals. Arabic 
notation, you must admit, has saved us much unnecessary 
thought. Now, as it happens, we have all suffered, perhaps 
without realizing it, from having been brought up on an ill- 
conceived notation, comprising a practical hotch-potch of 
modified unrationalized C.G.S. units with their unfortunate 
duality of electrostatic and electromagnetic forms stuck uncom- 
fortably together, and with 47’s popping up in all sorts of odd 
places without any obvious relation to the geometry of the 
problem. It is a wonder that anyone is expected to think 
rationally in the framework of such a jerry-built and creaking 
edifice. 

There is, happily enough, a very easy way out of this difficulty 
if we only have the courage to take it. That is, wholeheartedly 


- to adopt the rationalized M.K.S. system of electrical units, not 


as just another system, but as one which we should use exclusively. 
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This would result in a marked simplification of practical calcula- 
tions and of the study of electrical theory in schools, besides 
saving much time and intellectual fatigue. 

Conscious of its responsibilities in this matter, The Institution 
sponsored a symposium of papers on the M.K.S. system in 
1950,' which provided an opportunity of presenting and dis- 
cussing relevant technical matters. From this symposium it 
became abundantly clear that the universal adoption of the 
M.K.S. system would be eminently desirable. 

Such also became the opinion of the Council, since in 1952? 
they adopted a resolution encouraging the use of the M.K.S. 
system, but still allowing authors freedom to use the C.G.S. 
system. I suggest that the time is now ripe for a stiffening of 
this resolution by making mandatory the use of the M.K.S. 
system in the Proceedings. This would, I believe, have two 
effects. First, by obliging members to take stock of the practical 
working of the M.K.S. system, it would remove many of the 
misconceptions which at present exist, and secondly, it would 
probably have a snowball effect on the attitude of other 
authorities. 

Passing now to the consideration of electrical standards, we 
quite naturally associate this subject with the National Physical 
Laboratory. As an introduction, there are two excellent progress 
reviews published in the Proceedings in 1942+ and 1952> by one 
of our Past Chairmen, Dr. L. Hartshorn, whose name is closely 
connected with that Laboratory. All electrical standards are 
ultimately referred to mass, length and time, and progress is stil} 
being made in defining these parameters. The precision with 
which mass can be defined has increased following recent 
developments in weighing techniques and is now about 1 part 
in 10°, which is equivalent to 1 oz in 28000 tons. Measurement 
of length which, for the past 75 years, has been made in terms of 
the platinum-iridium bar housed at Sévres, will be made 100 
times more accurate this year by the adoption of the wavelength 
of a particular orange line in the visible spectrum of an isotope 
of krypton, and will be definable to about 1-5 parts in 108, or 
1 inch in 1000 miles. Time and frequency, first measured im 
terms of the earth’s rotation, then with crystal standards, and 
now in terms of molecular resonance, has yielded an increasing: 
precision and now stands at about 3 parts in 101, or getting om 
for 1 second in 1000 years. Such quests for greater precisiom 
are not purely academic, but are usually backed by very practical 
considerations, as, for example, problems in telecommunication: 
and navigation. 

Considerable ingenuity has been exercised in referring our 
electrical standards to the primary standards of mass, length and 
time. Thus the ampere is referred to mass by means of the 
Ayrton—Jones current balance, the ohm to length and time by’ 
Albert Campbell’s bridge method and the henry to length by 
the Campbell standard of mutual inductance. 

The determination of the farad has presented some anomalies 
in so far as it has always remained a secondary, derived unit, 
being measured in terms of mutual inductance and resistance 
by the Astbury—Ford modification of the Carey—Foster bridge.® 
This is rather a long way round, with inevitable loss of accuracy,, 


(11] 
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and it is not surprising that experimenters have wistfully regarded 
the possibility of measuring the farad directly in terms of length. 

A practical way of doing this has recently been suggested 
following the publication in the Proceedings of a very interesting 
theorem by Lampard,’ for which he was awarded the Heaviside 
Premium. His theorem can best be grasped by considering a 
square cylinder constructed from four conducting plates which 
are insulated from each other at the corners as in Fig. 1. 


Fig. 1.—Square cylindrical capacitor which 
has constant direct capacitance per unit 
length independent of its size. 


Lampard first showed that the direct capacitance between 
points A and B (neglecting corrections due to finite gaps) has a 
constant value per unit length independent of the size of the 
square. He then demonstrated that the same constant value 
was to be obtained from other configurations, limited only by 
the requirements that the cross-section have one axis of sym- 
metry and that it be a closed curve. The capacitance of such a 
configuration is unfortunately rather small, being only about 
1pF per 20 inches, but it is completely defined in terms of a 
single measurement of length. 

A configuration due to Thompson (mentioned in Lampard’s 
paper), which has important advantages from the constructional 
viewpoint and which also minimizes the disturbing effect of the 
finite gaps, is shown in Fig. 2. 


| 


Fig. 2.—Thompson’s capacitor 
standard, based on Lam- 
pard’s theorem. 


SHIELD 


The four cylinders with which this capacitor is constructed 
can readily be machined with great precision. The direct 
capacitance between opposite cylinders such as A and B is, 
_moreover, highly insensitive to the width of the gaps, tucked 
away, as they are, in re-entrant positions. End guards define 
_ the effective length of the rods. 

This configuration, which takes the form of a 3-terminal 
_capacitor, presents an interesting measurement problem, since 
the direct capacitance, which is only of the order of 1 pF, has to 
be determined with negligible error (say to about 1 part in 10° 
or to | pF) in the presence of very much larger values of guard- 
ring capacitance. The outcome of this proposed system of 
measurement will be awaited with much interest. 


Panel 2: Materials and Components 


Leaving standards, we now pass to quite a different field of 
activity. Every year there appears some material which is par- 
ticularly topical and which engenders a spate of technical 
literature as its characteristics and potentialities are explored. 
Such is now happening in the case of silicon, and only, be it 
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noted, following the advancement of measurement techniques. 
Semiconductors have come more and more into the limelight _ 


since selenium was first used about 1927 in the manufacture of | 


power rectifiers. It was not until 1948, however, that semi- 
conductors really came into their own with the invention of the ~ 
transistor. Germanium was then the favoured material, but 
despite its otherwise excellent characteristics, it has one disad- 
vantage in so far as it cannot be operated at much above room 
temperature. Attention has therefore been focused on silicon, 
since it does not suffer from this limitation. Silicon exists 
plentifully in nature in the form of its very stable dioxide, silica. 
It is, however, a singularly difficult element to isolate in the very — 
high degree of purity required for making transistors. Although 
a grade 99:95°% pure had been produced during the Second 
World War and was used for making crystal mixers, such silicon 
is still far too.impure for making transistors. Many workers 
therefore concentrated on the production of a more suitable 
‘hyper-pure’ silicon, and about 1948 such a grade became 
available. A typical example was that made by the so-called 
du Pont process, which involves the vapour phase reduction 
of silicon tetrachloride with zinc at about 950°C in a fused- 
quartz apparatus. 

The evaluation of the quality of such silicon is a big subject 
by itself, since the most sensitive chemical and physical tests, 
including mass spectrometry and activation analysis, are of 
little avail. We therefore become almost entirely dependent on 
electrical measurements made on monocrystals, but it is never-— 
theless astonishing how, from measurements which are basic- 
ally simple, but which yet require great skill and care in, 
their performance, it is possible not only to determine impurity ' 
levels down to such fantastically low values as 1 part in 10!2 
(which is equivalent to a single grain in 1000 cubic yards of 
sand), but to designate the various elements contributing to this 
impurity. The measurements in question are simply those of 
resistivity and Hall effect at various temperatures.? 

The relationship between resistivity and impurity concentra- 
tion at room temperature, deduced from physical theory and 
supplemented by measurements, is shown in Fig. 3. 


leo 
REE = 
XZ 


RESISTIVITY AT 300°K COHM-CM)——+ 


1000 
IMPURITY CONCENTRATION (PARTS IN 10!2)—= 


oO 10 l oO 0-0! 


Fig. 3.—Curves which enable the impurity concentration in silicon to 
be determined from measurements of its resistivity. 


The assumed mobilities are 
Un = 1700 cm2/volt-sec. 
Up = 400cm2/volt-sec. 


From this it is seen that the resistivity of intrinsic silicon at 
room temperature is about 230000 ohm-cm. It is not necessary 
to go to such extremes as this, however, even if it were possible, 


the practical aim being to produce a silicon of resistivity higher 


than 1 000 ohm-cm. 

The more troublesome residual contaminant is boron, which 
cannot be removed by zone-refining methods; its effect is to 
produce a p-type material. Since there are invariably other 


; 
. 
} 


% 
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impurities present, the precise contribution of the boron by 
itself is usually unknown, and hence the material is of dubious 
quality. Moreover, to produce a satisfactory n-type material 
it is essential virtually to eliminate the boron. The trouble with 
silicon produced by the zinc reduction method is that, even after 
zone refining, there is still enough boron and other contaminants 


_ present to keep the resistivity down to about 100 ohm-cm. 


To devise the means of producing a virtually boron-free 


_ silicon of resistivity greater than 1000 ohm-cm has been a major 


undertaking and has involved considerable development effort. 
I am therefore happy to pay tribute to my colleagues, who by 
their genius and team spirit have succeeded in evolving a practical 
engineering solution to this most difficult problem.® 

From the philosophy that it is generally easier to purify a gas 
than a solid, they first produced-a gaseous silicon compound, 
silane, or silicon hydride, which, after extreme purification, was 


decomposed to form silicon and hydrogen. It was then con- 


verted into monocrystal form by a process which did not involve 
risk of contamination from crucibles. Much ingenuity, including 
the use of such effects as magnetic levitation, has made this 
possible. 

The device maker usually requires a comparatively low- 
resistivity silicon, which can only be effectively obtained by 
doping the original high-resistivity material with precise quan- 
tities of elements which are themselves of comparable purity. 
Thus, to produce good-quality p-type silicon, the additive may 
be diborane, and for n-type, phosphine, both of which are of 
the same order of purity as the original undoped silicon. The 
silane process, moreover, enables such additives to be uniformly 
dispersed, since they can be readily mixed in during the gaseous 
stage. 

In conclusion, it is fair to say that we, in this country, have 
been first to produce, on a commercial scale, 1000 ohm-cm 
silicon with a hole lifetime above 200microsec for p-type 
material, and, now that it is available, many important develop- 
ments in the transistor field should follow. 


Panel 3: Measuring Techniques, Devices and Instruments 


In this panel we have a wide and flexible choice of subject 
ranging from nucleonics to transistors. This must therefore be 
my excuse for deviating slightly from the beaten track and 
saying something about recent developments with which I have 
been involved and which have great practical significance. They 
concern means of securing good electrical connections, a subject 
of interest to those engaged in such diverse fields as power 
cables, domestic wiring, telecommunication, computers and 
electronic apparatus. In the present context, however, dis- 
cussion will be limited to the connection of copper conductors 
of cross-section equivalent to that of a wire of approximately 
0-020in diameter, or No. 25s.w.g. : 

From the very earliest days of the electrical industry, the 
soldered joint has been regarded as the best and most permanent 


_ means of connecting copper conductors together, and if well 


made by a skilled operator, it can still be recommended with 


confidence. Skilled operators, however, are nowadays at a 


premium, and so, with the number of permanent connections 
made annually reaching astronomical figures, we can no longer 
rely upon every soldered joint having been made with all the 
attention which it merits. For this reason the defective, dry 
soldered joint has become more and more of a menace, causing 


endless trouble and inconvenience in manufacture and service. 


The advent of the printed circuit eliminated the necessity of 
making certain types of joint individually by hand, and hence 
also the human element. In this scheme, all joints can be 
soldered automatically by dipping them in a trough of molten 


solder. The initial deficiencies and vagaries which accompanied 
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this process had the good effect of directing attention to the 
technique of soldering, which, in this case, lends itself to close 
control. Considerable improvements have consequently resulted 
which lend certainty to the operation. 

Printed wiring, however, has a limited application and cannot 
readily be applied to such problems as making connections to 
relays in telephone exchanges. The deficiencies of the hand- 
made soldered connection therefore prompted the Bell Labora- 
tories to investigate alternative types of connection, and in 1953 
the first of a series of papers appeared under the general title of 
‘Solderless Wrapped Connections’.!° There is, of course, nothing 
new in making a connection by twisting the wires together or in 
wrapping a wire around a terminal post. What is new is the 
exact way in which it is carried out, including the tool which 
makes the connection, together with the means employed to 
secure large contact area, high contact pressure, the storage of 
sufficient elastic energy to ensure at least 40 years’ trouble-free 
service, and compactness. 

The surprising thing is that such a wrapped connection not 
only equals but surpasses an equivalent soldered connection 
made by a skilled operator. Having once proved that, we can 
afford to dwell on its many other advantages, in particular its 
certainty, reliability, low cost, compactness and the ease with 
which it can be made with the ingenious specially designed 
wrapping tools now available. 

This is a development which we were not slow to examine 
closely on this side of the Atlantic, and we have lost no time in 
absorbing the Bell Laboratories’ technique and in carefully 
checking their findings. Naturally we have also sought improve- 
ments, and I would draw particular attention to one variation 
which we have developed and which may result in greater 
flexibility in certain instances than that originally envisaged. 
The Bell Laboratories have concentrated on what has been 
termed ‘primary wrapping’, or otherwise simply the wrapped 
connection; i.e. in connecting, say, a resistor to a terminal post, 
it is the actual resistor lead which is wrapped around the post. 
An alternative method, however, is to lay the resistor lead beside 
the terminal and bind both together with a separate piece of 
wire. This has been termed ‘secondary wrapping’, but is perhaps 
better described as the bound connection. Both types are illus- 
trated in Fig. 4. It has been found that binding can give an 


BOUND 


WRAPPED 


Fig. 4.—Sketch to illustrate the distinction between wrapped and 
bound connections. 


Outer interconnecting wires are wrapped in both cases. 


equally good connection and has certain advantages. The same 
size of binding wire may invariably be used and fed from a 
magazine power-driven wrapping tool. The optimum type of 
binding wire can be used. Such connections can be undone and 
remade repeatedly without damage to the component lead. 
Doubtless, however, both the wrapping and the binding methods 
will in time find their best spheres of application. 
How to test a wrapped or bound connection to ensure that it 
would have a life expectancy of at least 40 years under all the 
adverse conditions it is likely to encounter has been a major 
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problem. As is well known, an accelerated test is not always 
convincing proof, but fortunately we have at least 10 years’ 
field experience already available with less favourable types of 
solderless pressure connections, and this, together with the 
results of very severe accelerated ageing tests, has given sufficient 
confidence to warrant full-scale field trials. The ageing test 
includes resistance measurements before and after severe heat 
cycling, vibration, exposure to various humid and acid atmo- 
spheres, etc. 

From the results of these tests, and from field experience, it 
has become evident that the wrapped or bound connection has 
much to commend it over the equivalent soldered connection 
and has effectively eliminated the dry-joint menace. Like all 
great inventions it has the supreme merit of simplicity, and is 
likely to play a very big part in future wiring problems. 


Panel 4: Data Processing, including Analogue and Digital 
Computers 


Referring in particular to the automatic digital computer 
operating at electronic speeds, this is a very recent innovation 
and one which is certain to have far-reaching repercussions as it 
comes more and more to insinuate itself into the conduct of our 
technological and business affairs. Already it has been suc- 
cessfully applied to scientific computations, to business account- 
ing problems and to the control of machine tools. 

The Section has a great responsibility in furthering the asso- 
ciated engineering problems, and this it has endeavoured to do 
by actively encouraging the presentation of technical papers 
which appear in the Proceedings. To cope better with the rapid 
rate of progress of the subject, however, the Section has also 
now instituted a new kind of forum taking the form of Specialist 
Discussion Meetings, which it is proposed to hold biannually, 
at which material, addressed essentially to specialists, can be 
presented and freely discussed with the minimum formality. 
The first of these meetings is planned for February, 1959, and 
details have already been published in the August issue of the 
Journal. It is envisaged that such discussions, together with the 
personal contacts which they promote, will stimulate ideas which 
can later be written up as formal papers. 

Thus, by way of example, one session of the forthcoming 
meetings is to be devoted to low-temperature devices for storage 
and switching, and perhaps, without prejudice to what is to 
come, I may now say a few words about the very interesting 
topic of storage which is at present in such a rapid state of 
development. 

A vital component of any digital computer is the memory, or 
store, into which intelligence can be inserted and from which 
it can subsequently be withdrawn. Up till about 1940, when 
the idea of applying electronics to computers was first mooted, 
the punched card served this function, but to cope with electronic 
speeds it became necessary to replace it with something much 
faster. Since then, practically every.effect known to science 
which can be said to possess a ‘memory’, even including some 
unlikely ones such as thixotropy, and more esoteric ones such 
as spin echoes based on nuclear induction, have been and are 
still being diligently explored, and their relative advantages 
carefully weighed in relation to the problem in hand. Besides 
such general questions as reliability, ease of maintenance, the 
nature of the ancillary equipment, permanence, temperature 
dependence, volume, etc., the two most important questions to 
consider in assessing the merits of any memory system are access 
time (the time required to transfer information from the memory 
unit through the associated circuitry to the point of need), and 
economic factors including capital and operating costs. 

Typical of those devices out of the many explored which have 
so far come out on top are magnetic tape, magnetic drums, 
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magnetic elements and now, the latest, superconducting elements. — 


The access time associated with these devices is indicated in — 


Table 1. 
Table 1 


Order of 


Typical component ppossstiine 


Magnetic tape 

Magnetic drum 

Magnetic elements 2 
Low temperature devices 


All such devices can store digits by virtue of the remanent 
magnetism which results from the application of a magnetizing 
force greater than a certain critical value. The relatively low 
cost of the magnetic drum, combined with large capacity and an 
access time which is short enough for many applications, explains 
its popularity. 

One way of constructing a store of magnetic elements is to use 
tiny ferrite cores which must first be individually checked and 
then threaded with appropriate windings. The matrix, com- 
prising a number of such cores assembled to form a co-ordinate — 
array, is a typical example. At least two co-ordinate wires, an 
inhibit wire and usually a fourth ‘reading’ wire must be threaded 
through each core, and, with the desirability of making the 
cores as small as possible, this is not an operation which lends 
itself too easily to large-scale manufacture, taking a megabit 
store as a basis of reference (which is the size necessary to store 
the information of a small 30000-word novel). Alternative | 
methods include forming the elements by means of ferrite wafers 
perforated with holes,!? the ferrite in the immediate vicinity of 
each hole serving the same function as a discrete core, or else 
the use of deposited thin films of magnetic alloy. The capital 
cost of such stores is at present about 20 times that of magnetic 
drums of the same capacity, so that they tend to be limited to 
small buffer stores used in conjunction with the latter. 

A recent and novel variant on storage in magnetic elements is 
the Bell Laboratories’ Twistor,!! which, by replacing ferrite cores 
with straight magnetic wires, would seem to facilitate large-scale 
production. The device depends upon a curious phenomenon, 
that, if a magnetic wire is twisted, magnetization will prefer to 
be along a helical rather than a longitudinal path. Its develop- 
ment will be awaited with interest. 

There are other variants, including ‘window’-type elements! 
designed to increase the switching speed, but these are more 
elaborate in so far as they have to be provided with supple- | 
mentary windings to provide bias. | 

Anyone who undertakes such development work must always 
be distracted by the necessity of constantly looking over his 
shoulder to see how likely he is to be overtaken by some | 
alternative scheme. For a time there was competition from | 
cathode-ray tubes and ferroelectrics, but at present they do not | 
appear to be in the running, although some fresh development _ 
may completely change the situation. The latest challenge, | 
however, has come from a rather unexpected source—low- 
temperature devices. 

The phenomenon of superconductivity in various metals at | 
temperatures below about 10°K was discovered in 1911, but it 
never assumed engineering significance until helium liquefiers | 
or ‘cryostats’ became commercially available in 1954, and an 
account appeared in 1956 of a superconductive computer com- | 
ponent called the Cryotron.!4 This is a new circuit-element | 
having power gain and current gain which can be used in flip- | 
flop circuits, gates, counters and other computer circuits. In| 


— 
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1957 a memory cell based on flux trapped in superconductors 
by the application of a magnetic force above a certain critical 
value pointed the way to the design of a large memory having a 
cycle time of only 10-8 sec.!5)!6 This very fast switching speed 
is of great interest to computer designers. Machines are now 
being designed to perform about a million arithmetical opera- 


tions per second, and arithmetical circuits and stores act as each 


yt ee 


other’s pace makers. It is too early even to hazard a guess at the 
capital and operating cost of such a store. Perhaps we shall 
learn more about it at the discussion next February. 


Panel 5: Servo-Mechanisms and Control Systems 


There has been much talk recently about automation, which, 
in the more popular sense, may: be said to be an attitude of 


_ mind that is always seeking to decrease the labour content of 


any series of jobs. Although servo mechanisms are at the heart 
of automation, as engineers we are chiefly concerned with 
another more technical aspect, that of achieving by their means 


_ results which, by human agency alone, are very difficult, if not 


impossible. The whole subject has many ramifications some of 


_ which I can safely leave to our Vice-Chairman, Professor Tustin, 


whose recent contribution to the Proceedings will be published 
in November.!7 

For the present I shall simply endeavour to entertain you by 
directing your attention to some work carried out by D. A. 
Simmons’? of the British Scientific Instrument Research Associa- 
tion and made available to me through the courtesy of one of 
our committee members, Dr. A. J. Maddock, whose excellent 
review of “‘Servo-Operated Recording Instruments’ was recently 
published in the Proceedings.'8 

The subject—that of magnetic levitation—is one which has 


- fascinated me for some time, and whilst at present much of it is 


still a curiosity, I cannot help feeling that important practical 


_ applications may evolve, just as they have in the case of super- 


conductivity. 

Everyone must have observed the eagerness with which a 
keeper will leap up and engage with a permanent magnet once 
gravity has been overcome. With a piece of iron and a cored 
electromagnet, a similar thing happens as soon as the latter is 
sufficiently energized. To those unfamiliar with servo mechanisms 
it might seem incredible that they enable the force of gravity and 
the force of magnetic attraction to be so nicely balanced that the 
iron can be levitated and held quite stationary in mid-air, yet 
this is so. 

As the iron approaches the core of the electromagnet it inter- 
‘cepts a beam of light which falls on a photocell. This controls 
the current in the coil of the electromagnet, and this current 
accordingly varies as the iron is displaced from a predetermined 
Jevel. Whenever the iron tends to fall to earth, the current is 
increased and gravity is overcome, and vice versa. From this 
it is seen that there is a tendency for the iron to oscillate up and 
down, and here we come to a most important feature of any 
sservo-mechanism system, that of damping out such oscillations. 
‘To do this it is necessary to arrange for the current in the coil 


- to vary by an amount proportional not only to the displacement 


of the iron but also to the rate of change of this displacement. 
By adjusting the value of this so-called derivative control and 
‘compensating for any phase lag between effect and cause (in this 
case the current in the coil and the movement of the iron), 


_-yirtually complete damping can be achieved. 


It has been suggested that the scheme discussed could be 
applied to automatic weighing techniques, which may very well 


‘be so, but at all events I think you must agree it does very aptly 


illustrate the sort of thing which can now be done with the aid 
of servo mechanisms. 
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Conclusion and Acknowledgment 


Many Institution members are perhaps a little hazy about the 
scope of the Specialized Sections. I have tried to enlighten 
them, at least as far as the Measurement and Control Section 
Is concerned, by touching very lightly on just a few topics, 
picked almost at random, which have interested me personally, 
and which are published by kind permission of Standard Tele- 
communication Laboratories Limited. These may serve to 
indicate, however imperfectly, the wide range of subjects which 
now come within the Section’s purview and, I trust, persuade 
members to participate more fully in its work. 
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SUPPLY SECTION: CHAIRMAN’S ADDRESS 
By D. P. SAYERS, B.Sc., Member.. 


‘ART, CRAFT AND RAMPART’ 
(Asstract of Address delivered 29th October, 1958.) 


To-night I wish to take you for a quick tour over the territory 
covered by the Supply Section. As one who has spent all his 
career in the supply industry, I can only speak from personal 
experience of that side, but nevertheless I hope that our journey 
will touch on points of interest to all our members. 

First, we should consider the territory to be covered. It would 
be true to say that the progenitor of the Supply Section was the 
Overhead Lines Association, which came into existence in 1927. 
In 1933 the Council of The Institution approved the setting 
up of a Transmission Section, which in effect absorbed the 
Association, for all its members who were members of The 
Institution automatically became members of the new Section. 
The first chairman was R. Borlase Matthews, and some of you 
may remember the other stalwarts of that time, such as Fennell, 
Eve, Hunter, Johnstone Wright and Kennedy, who have all 
passed on. Since the chair will be occupied to-night by the 
25th Chairman, we may regard this occasion as a Silver Jubilee. 

In 1948 the Council decided to broaden the scope of the 
Section and to rename it the Supply Section, the scope of which 
is now defined as including ‘all matters relating to the generation, 
transmission and distribution of supplies of electrical energy’. 
The ‘aspects’ include design, manufacture, construction, main- 
tenance and operation of all the plant and equipment employed, 
from the generator to the consumer’s terminals. 

Here may I emphasize the importance of the change which 
brought generation within the scope of the Section. We appre- 
ciate that this field is not the sole prerogative of the electrical 
engineer but must be shared with civil and mechanical engineers 
and fuel technologists. Nevertheless, generation is a basic 
branch of the electrical industry and our members have a 
predominant interest in it. 

Broadly speaking, the Supply Section now embraces the major 
part of the heavy-current side of the electrical engineering 
industry, and that leads to the first point which I wish to make. 
To the schoolboy and the young engineering apprentice of 
to-day the heavy-current side has not the same lure and attrac- 
tion as the lighter and newer sides of our industry, which have 
expanded at such a phenomenal rate during the past decade or 
two. It is significant that the number of papers submitted to 
the Supply Section last year was 38 compared with no less than 
257 to the Radio Section. Another pointer in the same direction 
is that the number of graduate trainees recruited into the supply 
industry last year was less than a tenth of the number 7 years ago. 
The point I wish to emphasize is that there is still plenty of 
romance and even glamour left in heavy-current engineering and 
enough exciting problems to satisfy the best brains and the most 
adventurous spirits. 

You may be wondering what the title of my address has to do 
with all this. All branches of engineering, and ours in particular, 
are becoming more and more specialized and in a sense more and 
more precise or scientific. Just as the hammer and chisel have 
given way to the power tool, so rule of thumb and simple 
arithmetic have had to give way to the computer, to operational 
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research, statistical analysis, impulse testing and so on. These 


are the modern tools of the engineer, with a capacity and 
precision far beyond those available to early pioneers such as 
Ferranti and Lodge. But let us not forget that the accuracy 
of result rests on the judgment of the operator. Statistics are 


as sharp as chisels, and misapplied they can do just as much 


damage. With all the modern tools and techniques, the arts 
and crafts of the engineer are still needed to produce good 
engineering results. It might be said that engineering achieve- 
ment is conceived in art, nurtured on science and justified by 
economics. That brings me to another point—which was indeed 
very ably developed by Mr. Ryle in his address here two years 
ago. An engineer not only has to make his project work but 
he has to make it pay. It is easy for the designer and planner 
to make things so large or so strong that they will never fail. 


It is much more difficult to make them just so large or just so — 


strong that they will give the required performance at minimum 
cost. Half the art of engineering lies in perceiving the most 
economic performance and providing what is required—not just 
the best. 

So much for the art and craft of our profession. What about 
the rampart? The object of our tour is to see the high spots, 
the towers and minarets thrusting their way up between the 
humdrum roof tops. To see the achievements and opportunities 
in perspective we must mount the ramparts and look beyond our 
Own environment. 

Our tour will not be confined to this country, because nearly 
one-quarter of the products of British electrical manufacturers 
are sent oversea, and it is very necessary for all members of The 
Institution to keep in touch with activities and developments 
abroad. 

The Supply Section is fortunate in having one ultimate end- 
product to which all our members contribute in one way or 
another—namely the kilowatt-hour of electrical energy. The 
quantity, quality and cost of that unit to the consumer provide 
a direct measure of our efficiency. The records show consistent 
expansion with a doubling of the output every six or seven years 


—an. eightfold increase between 1930 and 1955. Even the 


Second World War hardly affected the steady rate of progress. 
A unit of electricity to-day costs the consumer less than it did 
in 1920, notwithstanding that the real value of money has been 
halved over the years. Perhaps a better way of illustrating what 
the electrical industry has achieved is to point out that in the 
early 1920’s, 101b of coal or 11b of bread would, roughly, buy 
one unit of electricity, but to-day 101b of coal buys 3 units and 
11b of bread buys 4 units. 

The average price of all units sold in England and Wales is 
almost exactly 14d. It is interesting to note the main com- 
ponents of cost making up this figure. Generation costs amount 
to almost Id., or two-thirds of the total, and include the largest 
single item of fuel. Distribution costs account for nearly the 
remaining third, with transmission responsible for the very small 
balance of just over 3%. 

The point I wish to stress is that every member of the Supply 
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Section contributes directly or indirectly to these results, whether 
he be a designer of generators, a manufacturer of transformers, 
a power station operator or a mains engineer. 


Generation 


_ Thermal Stations.—In the field of generation we can see great 
advances already made in many directions and equally exciting 
developments round the corner. 
; In this country most of our electricity supply comes at present 
from steam stations burning conventional fuel. The war period 
: naturally halted development of new designs, and the pressing 
need for additional capacity immediately after the war dictated 
_a policy of using existing designs to provide ‘quick kilowatts’. 
As the edge of this situation wore off, the natural tempo of 
_ advancement in design was restored and is now showing signi- 
_ficant results. The trend towards larger generating sets and 
7 higher steam temperatures and pressures, and the use of improved 
techniques, all contribute to substantial economies in both 
_ capital investment and operating costs. Comparing a modern 
_ station containing 200 MW sets with a station containing 30 MW 
_ sets, which were commonplace before the war, the capital costs 
_ per kilowatt have been cut by a third and the thermal efficiency 
_improved by a like amount. Fig. 1 shows that the overall cost 
_ per unit sent out from two such stations, with equal coal prices, 
_ has been reduced by some 25%, i.e. from, say, 0-88d. to 0-66d. 
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Fig. 1.—Trend of generation costs. 
* At 60% load factor and delivered heat cost of 4d. per therm. 


The increase in size and working conditions of generating plant 
has been made possible by improvements in materials and tech- 
niques to which the station designer, the metallurgist and the 
manufacturers have all contributed. The adoption of the unit 
“principle of one turbo-generator and one boiler, with consequent 
simplification of layout and size of buildings, has effected sub- 
stantial capital economies. The use of reheat in the thermal 
cycle allied to higher temperatures and pressures has been 
largely responsible for the improvement in thermal efficiency. 
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Hydrogen cooling of alternators has reduced losses and made 
larger machines possible. The cooling of alternators has been 
one of the limitations to the use of larger machine size, and now 
this limitation is disappearing with the use of inner cooling— 
where an inert gas is circulated through hollow conductors. A 
further development, which has been pioneered in this country, 
is the use of water in place of gas as the cooling medium. The 
use of forced cooling of holiow conductors clearly offers 
prospects of economy wherever large currents have to be handled, 
as, for instance, in the external connections of very large alter- 
nators and in heavy transmission connections. 

On the boiler side, there has been a corresponding increase in 
the unit size. Pulverized-fuel firing is rapidly superseding the 
chain-grate stoker because it is the only practical method of 
burning the small low-grade coal which is almost the only type 
now available for electricity generation. 

The electrical end of generation has undergone radical changes, 
and it is now standard practice in this country to use alternators 
directly coupled to step-up transformers with switching at trans- 
mission voltages of 132 or 275kV. 

It is fair to say that British practice is rapidly catching up 
with the technological setbacks of the war period, and is now 
equal to and, indeed, in some respects, ahead of that of other 
countries. British manufacturers are at present building a 
550 MW turbo-alternator with an optimum thermal efficiency 
of approximately 38 %, its associated boiler having a capacity of 
no less than 1 670 tons of steam per hour. These are larger than 
any units building elsewhere. 

So, by comparative standards, we may look upon present 
trends with some degree of satisfaction. But what about the 
absolute standards? Even in the most efficient station yet pro- 
jected, about two-thirds of the heat input is wasted. Only 6 to 
7cwt out of every ton of coal delivered to the station appears as 
useful energy at the busbars. Is there not still a major challenge 
to the young engineer in this all-important field? 

Hydro-Electric Stations—Roughly 60% of the present-day 
world consumption of electrical energy is obtained from water 
power. The harnessing of the natural water of the earth in the 
service of man is indeed an inspiring example of engineering 
achievement. Some eight years ago I stood on the banks of 
the Swedish River Lule at Harspranget just inside the Arctic 
Circle when the hydro-electric station was under construction, 
and I felt the ground trembling from the rush of water through 
the gorge. One could sense the latent power, but it served no 
purpose except to enhance the rugged beauty of that spot. Soon 
afterwards, the dam was closed and the water diverted through 
turbines which have since produced more than 12 million MWh 
of electricity for the people of Sweden. 

Here in this island our water-power resources are very limited, 
with a little in Wales but most in Scotland. There are no great 
rivers, and it is only by heavy expenditure on dams, tunnels and 
pipelines that sufficient water can be collected to be converted to 
useful account. Nevertheless the hydro-electric output of the 
North of Scotland Board is now equivalent to nearly one 
million tons of coal per annum. 

One of the largest hydro-electric schemes in the world at 
present in full commission is at Grand Coulee on the River 
Columbia in the United States which I was privileged to visit 
some years ago. It produces more than 2000 MW of power, 
part of which is used to irrigate a million acres of desert and 
turn it into fertile land. The spillway over the man-made dam 
is more than twice the height of Niagara Falls and when in flood 
carries 20 times as much water. 

Some very large installations are under construction in the 
U.S.S.R. On the River Yenusi in Siberia the Russians are said 
to be building a gigantic hydro-electric station capable of pro- 
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viding 5000 MW with an annual output of 35 million MWh— 
a third of all the electricity used in Great Britain. 

Of more direct interest to the members of this Institution is 
the Kariba development on the River Zambesi in Rhodesia. As 
you know from the paper presented last session, this work is 
well advanced with a planned initial capacity of 600 MW. You 
will remember the crucial struggle between man and nature last 
spring when the river rose higher than ever recorded before. 

To me, the development of water power—the conversion of 
power which is literally running to waste into useful energy, 
often in the face of immense difficulties, but which does not, like 
coal or uranium, deplete the natural resources of the earth—is 
the very epitome of engineering achievement and something to 
fire the imagination of every engineer. 

Nuclear Energy.—Lastly, in this section, I must include a 
reference to nuclear power generation. Here we have the 
outstanding achievement of the present age where the physicist, 
the chemist, the engineer and the metallurgist are succeeding 
in prising open an entirely new source of energy which may 
ultimately supplant all others. In the nuclear stations now 
building, four ounces of uranium fuel is expected to produce 
about as many kilowatt-hours as one ton of coal in a conven- 
tional station—an immense gain. Many important problems 
have yet to be solved, and even the disposal of the ‘ash’ from 
nuclear stations may be almost as big a task as that of the ash 
from conventional stations. It is indeed gratifying to reflect 
that in this sphere Britain leads the world, and no words of mine 
are needed to elaborate on the excitement, romance and sense 
of achievement which this new technology offers to the younger 
members of The Institution. As you know, The Institution has 
collaborated with our sister Institutions and other bodies in the 
formation of the British Nuclear Energy Conference as a common 
forum for co-ordinating activities in this new technology. 

The economic necessity for operating nuclear stations at high 
load factor makes pumped-storage schemes economically attrac- 
tive. One such scheme is now under construction in North 
Wales, where water will be pumped up 1000ft into a reservoir 
at night when there is power to spare. During the day this 
water will flow down through turbines to produce some 300 MW 
of useful power. It is interesting to note that the cost of storing 
alternating-current energy in this way is less than one-fifth of that 
of storing a similar quantity of direct current in accumulators. 


Transmission 


What steam temperatures and pressure are to the turbine 
engineer, so voltage is to the transmission engineer, and we see 
an almost continuous progression towards higher voltages, 
associated with growth in distance and/or capacity. 

Overhead Lines.—The inherent economy obtained by the use 
of higher voltages is indicated in Fig. 2, from which it will be 
seen that the capital cost per kVA-mile of overhead transmission 
at 275kV is one-sixteenth of the cost at 11 kV. 

In this country the 275kV Supergrid is now coming into 
effective use with some 1000 miles of line completed and more 
than 7000 MVA of transformers in commission. Our distances 
are comparatively short, and the main justification for higher 
voltage is the magnitude of the loads to be carried. The standard 
275kV double-circuit line has a gross thermal capacity of over 
1000 MVA—more than the output of any single existing gene- 
rating station. 

Transmission lines at 400kV have been in operation for some 
time in Sweden, Russia, Germany and France, where the 
distances and loads make such a voltage economic. As to the 
prospect of still higher alternating voltages, the Russians are 
considering 800kV for a 1500-kilometre main trunk line, and in 
the United States it is assumed that 500kV will be required in 
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Fig. 2.—Trend of overhead line costs. 


10 years’ time. Work is about to start on a prototype line of — 
this voltage.. The insulation required for such higher voltages 
remains, however, a formidable problem, as, owing to non- 
uniform stress distribution, the conventional string of insulators. 
becomes less and less efficient, particularly in industrial areas 
where the air is dirty. According to Dr. Forrest, if a 25-unit 
suspension insulator string is used without stress-control features| 
on a 380kV system, 40% of the voltage appears across the two 
units at the line end, whereas the last five discs at the earthed 
end account for only 6% of the voltage. 

This problem remains intractable despite the considerable 
efforts made to overcome it, and the practicability of stepping 
up the British 275 kV lines to 400kV without major reconstruc- 
tion depends on its solution. Indeed, recent experience seems 
to indicate that the ability of very-high-voltage lines to withstand 
lightning is not up to expectations. If insulator characteristics 
could be improved, very great benefits would result in improved 
reliability and reduced costs of overhead line construction. 

A notable piece of transmission engineering is the recently 
completed crossing over the Messina Strait. The main crossing 
span is 24+ miles supported on towers which are twice the height 
of St. Paul’s. The conductor sag in the crossing span is no 
less than 674 ft. The longest river crossing in the British Isles 
is at present under construction over the River Severn. In this 
case the main crossing span will be just over a mile long. 

As regards developments in materials used for transmission, 
the use of high-tensile steel for towers has reduced the weight 
of material required, the British 275 kV towers showing a saving 
of 30% compared with mild steel. Equally important is the 
aesthetic improvement obtained by the use of thinner members. 

Cables.—Contemporaneously with progress in overhead-line 
engineering, there have been significant advances in underground- 
cable technique. Short sections of 380kV single-core cable are 
in service oversea, and in this country pilot lengths of 275kV 
single-core cable have been in service under commercial condi- 
tions for the past 4 years. Three-core 132kV cables are in use 
in the London area and elsewhere. The solid-type cable is used 
up to 33kV, but above this voltage the cables are either gas-filled 
or oil-filled. At one time it looked as if gas would supplant oil, 
but oil has not been ousted and the battle continues. 

The cost of underground transmission at 275kV is about 
15 times that of overhead construction of equivalent voltages 
and capacity, and is prohibitive for any general use of such 
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_ cable. What Prospects are there of reducing cable costs? The 
i a of high-voltage direct current as now being installed for the 
43 annel connection between England and France may provide 
_ 4 partial answer, but it seems unlikely that such a system will 
_ prove economic for general transmission purposes except in very 
special circumstances. 
> A recent British achievement is the 138kV submarine cable 
Z between British Columbia and Vancouver Island, which formed 
_ the subject of a paper last session. The single-core cables were 
_ manufactured in continuous 16-mile lengths and were laid success- 
_ fully on the sea bed at a depth of 600 ft. 
_ Transformers——Transformer design and manufacture has 
5 advanced with the general growth in system voltage and 
_ capacity. The increased electrical and mechanical stresses of 
_ the modern system have been matched by developments in 
_ insulating materials and techniques, notable in the field of stress 
- distribution and impulse testing. British transformer manu- 
_ facturers have largely pioneered the on-load tap-changing equip- 
ment which is a standard feature of our Grid transformers, and 
It is 
. gratifying to note that practice in other countries is now following 
_ the same trend. 
_ The main problem, in my view, is in the size of the individual 
unit, which is restricted by transport limitations. With the 
_ supply system doubling in capacity every 8-10 years, we must 
look for a corresponding increase in the size of individual plant 
_ items if we are to secure continuing economies of scale. At 
_ present, in this country, transport limitations restrict the unit 
size to between 200 and 300 MVA. I suggest there is scope here 
_ for developing new materials and techniques in fabrication and 
assembly to circumvent these limitations. 
_ The use of cold-rolled steel permits the use of higher flux 
- densities with significant savings in losses, weights and dimen- 
sions, and is making a valuable contribution to the problem. 
_In many situations, however, where large transformers have to 
be installed in residential areas, the question of noise is important 
and any accentuation of it due to the use of higher flux densities 
may create serious problems. 
Switchgear.—For service at the higher voltages, three types of 
circuit-breaker are available—bulk-oil, air-blast and small-oil- 
- volume—and it is probably true to say that no one type has 
acquired decisive superiority. In this country there are now 
100 breakers in service at 275kV, mostly air-blast but some of 
the bulk-oil type. Service conditions are very onerous owing to 
the compact and tightly interconnected nature of our Grid system, 
- which results in high fault energy levels and high rates of rise of 
recovery voltage. 
Apart from keeping pace with growth in voltage and fault 
energy, the main problem, at least from the supply industry’s 
point of view, is one of cost. It was stated at the Electrical 
Power Convention in 1957 that switchgear accounted for almost 
30% of the total cost of Grid schemes approved. In my view 
this is too large in relation to other items. The achievement of 
economy does not rest solely with the manufacturers but calls 
for co-operative action between the system planners, the design 
specialists and the manufacturers. 
System Operation—With the additional _interconnection 
capacity of the 275kV Grid coming into commission, the scope 
‘for minimizing the overall costs of production on a national 
scale is considerably increased, and this is primarily the function 
_ of system operation. Of the many factors involved, some, like the 
choice and allocation of coal from the 1 000 collieries concerned, 
are, to some extent, controllable; others, like the load require- 
~ ments and the amount of plant out of service due to breakdown, 
are uncontrollable and vary continuously. The most economic 
- method of operating the system from minute to minute, taking 
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is also generally used on our generator transformers. 
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all the many factors into account, presents a formidable yet 
fascinating problem involving a highly skilled technique. 


Distribution 

In the distribution field, the scope for greater economy and 
efficiency lies more within the realm of scientific management 
than with technology development. Nevertheless, in my view 
this field affords more scope for the art of engineering than 
perhaps any other. The engineer is dealing with so many 
unknown and uncontrollable factors: his problem is not so 
much to design for a specified load or performance, but to 
Judge which performance should be selected as the basis for 
his designs. 

_The national daily maximum demands in summer and winter 
differ by some 60%, and there is an annual increase of the order 
of 65% (Fig. 3). The distribution engineer has to visualize, not 
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Fig. 3.—Growth of maximum demand. 


only how much load has to be catered for, but where and when 
it is likely to develop and how far ahead he should plan when 
deciding on the equipment to be installed to meet immediate 
requirements. 

There are nearly 15 million consumers in this country and 
they are increasing at the rate of 400000 a year. The domestic 
consumers, totalling 13 million, are probably responsible for an 
average demand on the national peak demand of about #kW 
per consumer. Nevertheless, in planning new distribution net- 
works, it is necessary to allow for an after-diversity maximum 
demand per consumer of from 14kW to 3kW according to the 
class of property. There is thus a very wide gap between the 
capacity provided and the actual average capacity utilized. 

This leads to the point that the distribution engineer soon 
knows when his mains are overloaded—the fuses blow and the 
voltage falls—and if there are no voltmeters, the presence of some 
8 million television sets connected to the mains tells much the 
same tale. But he has no such impelling indication when his 
mains are underloaded—when the money he has buried under- 
ground is not earning its keep. I would like to see schedules of 
underloaded mains and transformers given the same earnest 
attention at regular intervals as the schedules of overloaded 
equipment. 

The intermittent or cyclic nature of many of the loads on the 
distribution mains throws into relief the importance of specifying 
and designing plant in corresponding terms. Considerable pro- 
gress has been made in this direction in recent years, but there is 
scope for further study. The latest edition of B.S. 171 will take 
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#\| 
ments in distribution transformers arise from the adoption of 
national standard specifications and the use of cold-rolled steel, _ 
the weight of rural transformers having been reduced by 26 > || 
and their losses by more than 60%, since 1947. 

The need for more economical and efficient use of labour in 
all distribution work is a problem which has received much | 
attention by all the Area Boards. Survey work has been speeded 
up by the use of aerial surveys, and helicopters have been used 
on a limited scale on construction work. Mobile cranes and 
special transport vehicles facilitate the handling of heavy equip- | 
ment. Mechanical excavators have been used for cable trench- 
ing. Radio-equipped vans are in fairly general use for fault 
work and other purposes. In the erection of rural overhead — 
lines, more use is being made of pole-hole borers and other 
mechanical plant. 

The use of plastic-insulated multicore cable supported on a> 
catenary wire may be an economic alternative to the conventional 
overhead line where space is limited or amenities are involved. — 

Another small but important contribution to the problem of — 
amenity is the joint use of power and telephone poles. It is 
no longer necessary to disfigure the village street with two sets 
of poles and conductors zigzagging from side to side. 


into account the inherent short-time rating of transformers, 
particularly under emergency conditions. It is not suggested 
that a transformer should continuously work at its maximum 
rating—indeed this would be far from economic—but its ability 
to do so over the peak and under rare emergency conditions 
should be appreciated. 

The intermittent and cyclic rating of cables is receiving close 
study by the Electrical Research Association in collaboration 
with users and manufacturers. Here again, I believe more 
accurate knowledge will enable the planning engineer to effect 
economies by fitting the cable size more closely to the actual 
working conditions, always bearing in mind that voltage regula- 
tion is frequently the limiting factor. 

Cable costs form a very large item in distribution expenditure, 
and the time and skill required for jointing conventional paper- 
insulated lead-covered cable is a serious factor, particularly on 
house services. If the problems associated with plastic-insulated 
cables can be overcome, substantial economies should be pos- 
sible in both materials and labour. 

The very wide fluctuations in the price of copper, from the 
war-time controlled price of £62 10s. per ton up to a peak value 
of £440 per ton in 1956, has had a profound effect on network 
planning. In general, it has resulted in shorter and smaller 
low-voltage distributors with more extensive high-voltage dis- 
tribution and a greater number of transformer points. It has 


Conclusion 


also resulted in a substantial change from copper to aluminium 
conductors for both overhead lines and insulated cables. 

In rural networks the installation of high-speed reclosers is 
an important development. In some parts of the Midlands 
Board Area, where these reclosers have been pioneered, over 


Our tour is ended. In such a swift journey we have been > 
able to catch no more than the most fleeting glimpses of the 
high-lights in generation, transmission and distribution at home 
and abroad. Nevertheless, I hope it will help some of our, 
younger members to realize that the heavy-current side of our! 


profession is not dormant, that the potentialities of development © 
in the future are no less than the realizations of the past; that 

problems abound, the solving of which will bestow a real sense — 
of achievement and endow a worthy career. | 


90% of the faults which ordinarily cause sustained interruption 
to consumers are now known to be of a transient nature, and 
where the line is controlled by a recloser, these incidents do not 
cause interruptions to the consumer. The most striking develop- 
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__ When the Utilization Section of The Institution was 
: inaugurated in 1941, by our first Chairman, Mr. H. T. Young, 
‘ attention was focused on the contribution of the installation 
_ engineer to the achievement of our industry. Since that time 
; the Section has been broadened in scope to embrace more 
4 general aspects of the utilization of electricity, and it has been 
ps presided over by many distinguished engineers, drawn from all 
_ sides of the profession. As an electrical contractor I feel very 
f greatly honoured to have been elected to this office and very 
_ conscious of the need to uphold the high standard that has been 
2 set by those who have preceded me as Chairmen of the Utilization 
Section. The design and execution of electrical installation 
- work must still remain our particular concern in this Section, 
for it is our duty to ensure that the wiring in our homes, offices, 
factories and all other buildings is such as will facilitate full and 
_ abundant use of electricity, and that it will provide, not only 
_ for the present, but for future needs, of better living and higher 
productivity. 

It has never been possible to lay down in The Institution’s 
Wiring Regulations what should be regarded as an adequate 
installation in any particular type or size of building, and in 
_ fact it is emphasized in the introduction that the Regulations 
_ are not intended to take the place of a detailed specification. 
F The preparation of such a specification, involving, as it must, 
the complete design of the required electrical installation, is 

often no simple task even for those who are fully conversant 

with the industry. Consultation with the architect, owner and 
occupier of the building and with those concerned with the 
' provision of engineering services is necessary, but, even then, 
- lack of complete and definite information in the initial stages of 
- design is the rule rather than the exception, and it may be 
necessary to resort to experience in similar installations and to 
guidance contained in relevant Codes of Practice. Much thought 
is now being given to the revision and extension of the electrical 
_ Codes of Practice, and it is to be hoped that they may soon be 
recognized as authoritative guides to those concerned with the 
design of installations for diverse applications. 
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Protection Requirements 


Irrespective of the particular application of any installation, 
the designer must consider, at an early stage, the various alter- 
"native means of achieving circuit protection. This will entail 
examination of the distribution system as a whole, from the 
supply transformer onwards. In any installation supplied at 

_ low or medium voltage it will generally be necessary to make an 
- advance estimate of earth-loop impedance at the intake position 
before design of the main switchboard and distribution boards 
can proceed. There is only a slender chance that the use of 
large fuses or circuit-breakers will conform with the requirement 
that, upon the occurrence of an earth fault of negligible impe- 
- dance, a current corresponding to three times the rating of the 
fuse or one and a half times the setting of the overload circuit- 
breaker will flow, so that the faulty circuit is made dead. In 
Fig. 1 the maximum admissible values of earth-loop impedance 
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Fig. 1.—Limits of application of various forms of earth-fault 
protection. 


A. Fuses, on basis: current = 3 x fuse rating. as ‘ 
B. Circuit-breakers, on basis: current = 14 x circuit-breaker setting at 120% of 


full load. 
Cl. Differential-current circuit-breakers on basis: 40 volts rise with 15% out-of- 


balance setting. : F : 
C2. Differential-current circuit-breakers on basis: 40 volts rise with 10% out-of- 


balance setting. : ; : 
C3. Differential-current circuit-breakers on basis: 40 volts rise with 5% out-of- 


balance setting. 


are plotted against the full-load current rating of fuses or circuit- 
breakers that may be used. Curve B represents circuit-breakers 
set to trip at 120°% of full-load rating; if, however, the settings 
were increased to 200% of full load the maximum admissible 
impedances would correspond to the lower curve A for fuses. 
I would suggest that it is unreasonable to assume, in planning 
any installation taking a load much in excess of 100 amp, that 
such results could be achieved, unless, at least, provision is 
made for an effective direct connection between the consumer’s 
earthing lead and the star point of the medium-voltage winding 
of the supply transformer. Obviously, the lowest possible loop 
impedance will prevail when the supply transformer is installed 
in a substation within the consumer’s premises, and bearing in 
mind the reduction in voltage regulation and freedom of restric- 
tion of connected loads thereby normally attained, it is clear 
that there is much in favour of installing the transformer within 
the premises wherever practicable. The further high-voltage 
distribution can be extended and the shorter the range of medium- 
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voltage distribution, the more efficient must be the supply system 
and the lower the earth-loop impedances.at consumers’ premises 
generally. 

Where an electricity supply has to be taken at medium or low 
voltage through an underground cable, provision should be 
made for an earth connection from the local supply transformer 
to a consumer’s earthing terminal. Such practice was recognized 
in the 12th edition of the Wiring Regulations and is, I am glad 
to see, being increasingly adopted in a number of supply areas. 
In the past, much use has been made of water and even gas 
mains as consumer’s earth electrodes, but we have no juris- 
diction over the maintenance or repair of such systems, and 
undoubtedly an electricity supply service should be complete 
in itself, without need to resort to other systems for means of 
securing adequate protection. To be effective, it is my view 
that such connections from the supply transformer should be 
so installed and maintained that, upon the occurrence of a 
direct fault between the consumer’s supply and earth terminals, 
a current corresponding to at least three times the rating of the 
consumer’s service fuse should flow. At present the supply 
authorities accept no obligation in this respect, but it seems to 
me logical to divide the present indeterminate responsibility 
for earth-loop impedance in this way, at the consumer’s terminals. 
Similarly, where electricity is supplied from an overhead line 
through a local pole-mounted transformer, an earthing con- 
ductor should be brought into the premises from a neutral 
point of the transformer; earth electrodes may then be used 
only as a second line of defence, where thought desirable. The 
alternative arrangement depending on protective multiple 
earthing must be used where this system is in operation, and it 
would seem that this may have interesting possibilities where 
permission can be obtained to use earthed concentric wiring 
in the form of mineral-insulated cables. In passing, it may be 
noted that, where the protective multiple earthing system is 
adopted, the supply authority does quite naturally accept full 
responsibility for the maintenance of an effective earthing 
terminal upon the consumer’s premises. 

Information regarding the impedance of the supply earth 
electrode is only rarely available to the installation planner, 
and conditions at the consumer’s premises cannot easily be 
predetermined. Results of loop-impedance tests in several 
small factories around London have shown that the main fuse 
or circuit-breaker, of perhaps 200 amp rating, would not operate 
to isolate an earth fault, say, in the main busbar chamber, 
although the smaller fuses protecting the main circuits would 
operate satisfactorily. In such circumstances local supply trans- 
formers should be installed which would provide, as well, for 
future development; if that should be impracticable, some form 
of earth-leakage circuit-breaker would be necessary. A voltage- 
operated earth-leakage trip could be applied to the main switch- 
board only, provided that steps were taken to prevent unwanted 
operation due to faults on sub-circuits already adequately pro- 
tected by fuses. This could be achieved by the isolation of the 
switchboard framework from incoming and outgoing circuits by 
insertion of insulating materials. If the need for such treatment 
were foreseen at the design stage of a new installation, I believe 
that it could be effected fairly easily. 

In installations where the loop impedance is likely to be as 
high as one ohm it will be found that fuses are ineffective for 
earth-fault protection of distribution circuits rated at 100amp, 
and furthermore, owing to the difficulty of segregating main 
circuit ducts or conduits, the use of voltage-operated trips 
becomes quite impracticable. Circuit-breakers fitted with 
differential current-operated earth-leakage trips and overload 
trips do afford discrimination between one circuit and another, 
and could in some circumstances be used for main circuit 


Table 1 


DIFFERENTIAL-CURRENT-BALANCE CIRCUIT-BREAKERS 


Maximum Acceptable Values of Consumer’s Earth Impedance 
if Voltage on Exposed Metalwork is limited to 40 Volts 


15% out of balance 10% out of balance 5% out of balance 


Circuit- 
breaker 


Current |Impedance Current |Impedance 
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In accordance with The Institution’s Wiring Regulations, all differential-current- — 
balance trips must operate at 15% out-of-balance current or at 5amp out-of-balance 
current, whichever is the greater. 


protection. Table 1 shows the actual leakage currents for 
various sizes of breaker based on operation at 15%, 10% and5% 
out-of-balance current, and also the maximum values of 

‘consumer’s earth impedance’ that can be accepted if the voltage 

rise on exposed metalwork is to be limited to 40 volts when 
these values of leakage current flow. If such limitation of 

voltage rise can be accepted as a criterion of satisfactory pro- 

tection, it will be seen that a 100amp breaker of this type set 
to operate at 15% out-of-balance current could be applied 
where the consumer’s earth impedance does not exceed 2-4 ohms, 

as compared with a maximum earth-loop impedance of 1-3 ohms 
for an overload circuit-breaker or of 0-8 ohm for a fuse of 
similar rating. Since the consumer’s earth impedance does not 
include that part of the loop impedance attributable to the 
supply transformer, electrode and service lines, the limiting 
earth-loop impedance for the differential circuit-breaker would 
be greater, possibly in the region of 3 or 4 ohms. With 10% 
or 5% out-of-balance settings, even higher values of impedance 

would be acceptable, but a minimum operational leakage current 

of 5amp is recognized in the Wiring Regulations, which, for 

40 volts rise in potential, corresponds to a consumer’s earth 

impedance of 8:0 ohms. In Fig. 1 the ordinates below the lines 

and curves indicate the effective limits of application of fuses, 

circuit-breakers set at 120% of full load and of differential- 

current-balance-operated breakers, in circuits of various current 

ratings. Here it has been assumed, in the case of the differential- 

current-operated breakers, that the whole earth-loop impedance 

is concentrated in the consumer’s earth impedance, so that the 

actual field of application of these would be greater still in 

practice. At present 60amp 3-phase circuit-breakers with 

differential-current earth-leakage and overload trips are available, 

but it would seem that there is room for development of larger 

breakers of this type, which should incorporate delayed action 

in the earth-leakage as well as in the overload trips, so as to 

afford discrimination with sub-circuit overload and earth- 

leakage protection. 

I venture to suggest that, if a survey were made of electrical 
installations in larger buildings completed before the issue of the 
13th edition of the Wiring Regulations, it would be found that 
in many of them the basic requirements for earth-fault protec- 
tion, now set out in Regulation 406, are not fulfilled. Sub- 
stitution of a circuit-breaker of this type for the existing main 
switch, or the fitting of a suitable tripping relay to an existing 
circuit-breaker, would often overcome this difficulty and at the 
same time afford much better fire-risk protection. Some 
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" geference was made to this in the paper read by Mr. H. W. 
} Swann! as long ago as 1952, but little progress has yet been made 
in this direction. 
=. In smaller buildings, such as local shops and private houses, 
_ insulating-sheath wiring systems or plastic conduits can be used 
‘ to afford effective segregation of earth faults in separate sub- 
circuits, and in any case, continuity of supply is not quite so 
_ important as in larger buildings. It seems that there is need for 
development of a larger consumer’s control unit than that 
_ covered by B.S. 1454, which was only intended for small houses. 
This might well incorporate a 100 or 150amp main circuit- 
breaker and miniature circuit-breakers to protect 60, 30 or 
_1i5amp sub-circuits as required. Normally, the sub-circuit- 
breakers would be fitted with overload trips only, but alter- 
natively, where earthing conditions are difficult, breakers with 
_ additional voltage-operated earth-leakage trips could be used 
2 instead, at least for the larger sub-circuits. The main breaker 
‘would preferably be fitted with delayed-current-balance and 
_ Overload trips, while the incoming service fuse would be of the 
_h.b.c. cartridge type. Such a unit would meet a wide variety of 
_meeds, and would afford full protection against short-circuit 
- faults, leakage from neutral conductors, and dangerous voltages 
_ on the metal framework of accessories or appliances. 
The increasing use of h.b.c. cartridge fuses has done much to 
eliminate the danger arising from short-circuit currents in all 
lasses of commercial and industrial installations. The problem 
_of ensuring discrimination between the fuse protecting a main 
circuit and smaller fuses protecting sub-circuits of lower rating 
has been investigated, and it is recognized that this depends 
upon the total operating time of the minor fuse being less than 
_ the pre-arcing time of the major fuse; hence the margin required 
to secure discriminative operation increases with the pro- 
spective short-circuit current. Where cartridge fuses are 
employed as back-up protection in motor circuits, or where 
final sub-circuits in an installation are protected by miniature 
circuit-breakers, fuses of a type designed to discriminate with 
the normal operation of the motor starter or circuit-breaker, as 
_described in the paper recently presented by Mr. R. H. Dean,” 
can be used to restrict operation of the fuse to short-circuits in 
excess of the breaking capacity of the protective equipment. 


Distribution 

In the interests of standardization there is a marked tendency 
to limit the size of medium-voltage distribution transformers to 
500kVA rating, even in closely built-up areas. This limits the 
lengths of earth-return paths, and places the maximum pro- 
spective short-circuit current at about 15000amp. In those 
- buildings where heavy loads are concentrated in a small area, 
it may be convenient to install two or more such transformers 
in a single substation, normally supplying separate sections of 
the load. Transmission of large loads at medium voltage for 
even moderate distances without undue voltage drop can, 
however, be an expensive proposition, and subject to a satis- 
factory access, the substation should be sited as near as possible 
to the electrical centre of gravity of the load. Where con- 
_ siderable load is spread over a wide area it may well be economical 
to use high-voltage distribution to two or more strategically 
positioned transformer substations. Now that dry-type trans- 
formers are becoming more readily available, these can be 
installed with safety on the upper floors of tall buildings, so as 

“to avoid the necessity for very heavy rising mains. 
Bearing in mind the rapid development of new electrical 
applications that continues unceasingly, I would strongly urge 
that sufficient space should be allowed, preferably for a 100% 
extension, and invariably for a 50% extension, of every switch- 
board throughout any industrial or commercial installation. I 


‘doubt whether there is amongst us here tonight a single installa- 


tion engineer who cannot immediately call to mind a switchroom 
that has been grossly overcrowded. By the introduction of 
cubicle-type boards considerable saving in space can be effected, 
but it is most desirable that no advantage should be taken of 
this to squeeze such boards into even smaller switchrooms. 
Insistence on ample space is definitely conducive to safer 
operating conditions, greater reliability in service and, in nine 
cases out of ten, long-term economy in cost of effecting alterations 
and additions to an installation. 

From the point of view of economy it is interesting to study 
the cost of heating losses that occur in distribution cables. It 
was Lord Kelvin who stated that the greatest overall economy 
is achieved when the annual cost of heating losses in a conductor 
is equal to the annual cost of interest and depreciation upon the 
capital involved—but how many of us apply Kelvin’s rule in 
the design of internal distribution systems nowadays? In fact, 
the relative economy of derating cables in order to reduce the 
cost of heating losses should be considered when designing any 
main distribution system. This is particularly important where 
the cost of energy is high or where plant is in continuous opera- 
tion. Taking, for example, a 3-phase power distribution system 
in a factory operating on a 44-hour week, or 2200 hours per 
annum, a p.i.l.c.s.w.a. cable used for main distribution may be 
rated in accordance with Table 17 of the Wiring Regulations, 
subject to compliance with voltage-drop requirements. An 
overall voltage drop of 74% of the supply voltage is permissible, 
which on a 415-volt supply amounts to just over 31 volts between 
phases, and of this, perhaps 15 volts may be allocated for main 
distribution. Fig. 2 shows the J?R losses in kWh per annum 
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Fig. 2.—Running costs for various conductor sizes. 


I2R losses. a 
— — — Interest and depreciation. 


plotted against the length of cable run in feet for various con- 
ductor sizes. From the top curve, which represents the losses _ 
in a 0-1in? cable at 120amp rating, it will be seen that these 
rise in proportion to the length of run up to the point where 
the voltage drop between phases amounts to the 15-volt 
maximum that is desired in this instance. Beyond this point the 
rating of the cable must be reduced as the length of run is 
increased so as to maintain the voltage drop at the 15-volt 
maximum, and here the heat losses are reduced proportionately 
with the square of the current derating but increased propor- 
tionately with length, giving the inverse characteristic that is 
evident. The other full-line curves represent losses in other 
sizes of cable similarly. If the cost of energy is 1d. per kWh, 
the ordinates beneath these curves will represent the cost of 
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heat losses in pence per annum. If we now consider the cost of 
these cables as currently quoted by the manufacturers, and 
assume that 15°% of the original cost per annum is a reasonable 
allowance for interest and depreciation combined, this can be 
represented by the chain-dotted lines for each size of cable, the 
ordinates below which represent interest and depreciation in 
pence per annum. It will be seen that in all cases the cost of 
losses substantially exceeds that of interest and depreciation, up 
to the point where the full and chain-dotted lines for each cable 
cross. Where the cost of energy was less than 1d. per kWh, the 
cost of losses would be correspondingly reduced, but with longer 
hours of use, such as would occur with two- or three-shift 
working, these losses would be greater; a lower interest and 
depreciation rate would make the difference between the cost 
of losses and capital costs even greater. This will indicate the 
need for examining each case upon its own merits, when it may 
well be found quite uneconomical to rate such cables in accor- 
dance with The Institution’s ratings based on temperature rise 
alone. 

The effect of varying the rating of one particular size of cable, 
operating in similar circumstances, is illustrated in Fig. 3. The 
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Fig. 3.—Effect of varying the rating of 0-04 in2 cable. 


I2R losses. 
— — -— Interest and depreciation. 


straight lines on the left represent the heat losses when this 
cable is rated at 140, 120 and 80amp, respectively. The highest 
rating of 140 amp is taken from Table 22 of the Wiring Regula- 
tions, for underground cables, while the second, 120 amp, is the 
normal rating for the same cable installed indoors in free air. 
The right-hand curved portion represents derating corresponding 
to a limit of 15 volts drop as before. It will be seen that any 
load above about 80amp is uneconomical on the basis of 
Kelvin’s rule, in these particular circumstances. 

If the cable is to be used for lighting or heating loads rather 
than a power load, the Regulations require that the voltage 
drop should not exceed 1 volt + 2% of the supply voltage, or 
just over 9 volts between phases. In such circumstances, it 
might be reasonable to allow 5 volts for main distribution. and 
the effect of this is shown by the lower curved line in Fig. 3. 
It will be seen that consideration of voltage drop takes precedence 
over Kelvin’s rule as soon as a comparatively short length of 
run is exceeded, but this will not apply where voltage drop is 
compensated for by the use of automatic voltage regulators. 

The need for greater flexibility in most industrial installations 
has led, on the one hand, to application of metalclad feeder 
bars and plug-in busbar systems, and, on the other, to greatly 
extended use of cable ducts and trunking and of perforated 
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metalclad feeder bars for power distribution from the incoming 
supply substations in a factory, and the use of plug-in busbar 
distributors fed through fused connection boxes, it is possible 
to reduce substation switchgear to an absolute minimum and 
local power distribution centres can be virtually eliminated. 


| 


cable trays, in suitable circumstances. By the application of | 
} 


The plug-in distributors afford facilities for connection of sub- | 


circuits at any position, and can themselves be readily altered — 


or extended to meet the ever-changing pattern of production 
requirements. 


In trunking systems, only a small proportion of the total i] 
wiring space should be taken up with the original installation, — 


for subsequently other cables will certainly be added; when 
overcrowded, the initial flexibility of the system becomes con-— 
spicuously absent. It is also well to note that, where conduits 
are to enter the side of a run of trunking, there is a minimum 
width of trunk corresponding to the minimum bending radius 
of the cable used, and that the larger sizes of cable, brought in 
at right angles, may block a considerable part of the cross- 
sectional area of a small cable trunk. Careful planning is also 
necessary where cable trays are used, but when this method is 
applied skilfully, extremely neat and orderly appearance can be 
achieved. 


Time will not permit me to enlarge upon the many develop- 


ments in types of installation cable now available, but the 
increasing use of mineral-insulated cables, and the rapidly 
widening application of p.v.c.-insulated armoured and p.v.c.- 
sheathed cables with their compact glands, have been very 
noticeable. I would also remark upon the saving in labour 


that can be achieved by the use of crimped solderless cable lugs ; 


for a wide variety of cable and flexible terminations. Already 
such lugs are used almost exclusively in the aircraft industry on 
account of their superior reliability when subjected to vibration 
and extremes of temperature. Since the necessary crimping 
tools are portable, they can be used as well on an installation 
site as in the factory, and it would seem that solderless lugs will 
replace sweated lugs as soon as their advantages become more 
widely recognized. 


Standardization 


Much as we appreciate what has been done during the post- 
war period, there is still considerable scope for standardization 
of dimensions of installation equipment and accessories. Not- 
withstanding the progress achieved in the development of the 
unit and cubicle types of switchboard, little attention appears 
to have been given to securing interchangeability even of the 
combined switch and fuse units of different makes, which could 
be of great advantage to those engaged in carrying out installa- 
tion work oversea. Reference has already been made, elsewhere, 
to the urgent need for standardizing agreed sets of fixing 
dimensions for fluorescent-lighting fittings. I am sure that most 
installation engineers are aware of other instances where fixing 
dimensions should be standardized in the interest of the con- 
venience of the ultimate user, noteworthy amongst which is the 
case of the ordinary electric-fire bar-heating element. In the 
field of plugs and sockets the industry still seems to be half- 
hearted in its approval of the 13 amp fused flat-pin plug; have 
we not yet reached the stage where 5 and 15 amp plugs to B.S.546 
should be considered obsolete, at least in new installations, as 
is now the case with 2-pin reversible plugs? Undoubtedly the 
time has come when we should agree to sink our individual 
preferences, and I earnestly look forward to the time when every 
domestic and office appliance will be sold with a B.S. 1363 plug 
moulded solidly to its flexible. Further than this, there appears 
to be an urgent need for standardization of- plugs and socket 
outlets for exclusive use on 110-volt and 55-volt low-voltage 
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supplies, which are likely to be used increasingly in the future, 


_ as indicated in the paper presented four years ago by Mr. J. W. 


Bunting.3 

On the credit side, real progress has been achieved in the 
standardization of fixings for lighting switches and the standard 
tanges of boxes now produced by some manufacturers. In 
the factory, we have at last secured standard specifications 
dealing with the fixing dimensions of foot- and flange-mounted 
motors, of both the ventilated and totally enclosed types, which 


should in years to come prove of very great benefit to every 
motor user. 


Installation Design 
The field of installation work is so wide that I cannot, as I 


_am sure you will appreciate, do more than touch upon a few 


aspects that appear to be of present interest. Good results can 
only be attained by very detailed and advanced planning and 
careful site supervision; as much trouble as possible should be 
taken to make the work of installation simple and straight- 
forward, for this will nearly always prove a very sound invest- 
ment. Such considerations apply particularly in industry, where, 


_ for example, grouped motor-control panels are becoming a 


feature of modern installation technique. 


The use of these 
panels is most convenient where continuous processes or inter- 
locking sequences are involved; in comparison with the alter- 
native use of individual control panels, it may be said that, 
apart from the great improvement in general appearance, instal- 


lation costs may be reduced substantiaily, and various interlocks 


and safeguards introduced that would not otherwise be easily 
attainable. It is, of course, essential that adequate and clearly 
marked means of isolation should be provided for each and every 
source of electricity supply brought into such a panel, so that 


_ maintenance work can be carried out in safety. 


- needlessly interrupting a healthy circuit. 


Speaking from the point of view of those in charge of main- 
tenance, I should like to put in a plea for the clear marking of all 
important control panels and the provision of spare components, 
spare fuses and a clear circuit diagram within the panel enclosure. 
With such provision the engineer in charge need not hesitate to 
make the correct replacement in an emergency, without fear of 
For similar reasons, 


_ the internal wiring of control panels should be neat and orderly. 


The multiplicity of functions requiring simultaneous control 
in many installations has necessitated the introduction of 
specially designed control desks to facilitate central supervision, 
especially where correlation of these functions is required. In 


his recent paper on ‘Electric Control of Stage and Television 


Lighting’, Mr. F. P. Bentham* showed how such lighting can 
be conveniently controlled from a compact lighting console. 
We have long been accustomed to mimic diagrams on control 


_ panels for switchboards, but now the same principles are being 


applied in industry for the remote control of complicated pro- 
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cesses in plants extending over wide areas. For instance, in one 
large chemical handling plant all the main operations are super- 
vised and controlled from a central station. Mounted on the 
supervisory panel are pushbuttons controlling the operation of 
the flow valves and conveyors, and lamps are used to indicate 
the position of valves, the direction of movement of conveyors 
and the state of repletion of the various silos, full or empty. 
Remote controls are provided for the mixing and grading of the 
material and for storage of the final product, and bells give 
warning to the operator if and when he fails to perform his 
function properly. In my view the application of central 
indicating and control panels of this kind could afford a very 
practical aid in the efficient operation of many large electrical 
installations, and could be applied with advantage in many 
industries as a means of improving productivity. 

1 believe that the installation engineer has a vital part to play 
in the future development of our industry, and that there is 
now a challenging opportunity for young men of technical and 
practical ability to develop effective careers that will bring work 
of great variety and consequence, and real pride in personal 
achievement. For graduates whose main interest lies in design 
and planning, there is ample scope in the field of consulting 
engineering, while others with administrative ability and powers 
of leadership may tend towards installation contracting, but, in 
either case, experience and training in installation work is 
necessary. The time has come when electrical installation work 
should be co-ordinated as a whole by those who can appreciate 
the technical and economic requirements of all the equipment 
and services that may be immediately and ultimately involved 
in any project. The supervision of regular inspection, main- 
tenance work and repairs is equally important, and entails the 
service of qualified electrical engineers, and in fact the export 
of valuable electrical plant has on some occasions been restricted 
through lack of such services oversea. Electrical engineering is 
becoming of ever greater importance in all parts of the world, 
and wherever there is civilization there is useful work for the 
installation engineer. 
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‘REMARKS ON RESEARCH’ 
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The past 25 years has witnessed a revolution in the utilization 
of mechanisms of all kinds to provide a continually improving 
standard of life for the community as a whole. The revolution 
has been particularly dramatic in the field of electrical engineer- 
ing. The use of mechanisms is not only augmenting and largely 
replacing the physical labour aspect of human work; it is also, 
through the computer and its derivatives, augmenting and in 
some respects replacing the mental labours of the human brain. 

This continuing increase in the availability and use of 
mechanisms presents many problems, both in general terms and 
in particular with relation to university education. Taking 
‘use’ first, the implications of this aspect are obvious and have 
been frequently stated. If there are to be more mechanisms in 
use, there must be more scientists, technologists and technicians 
to manufacture and service them. Hence, of course, the current 
urge to expand the universities and technical colleges. 

Increasing availability of mechanisms has two aspects—more 
of the same thing as before, and new things. New things appear 
so consistently that it is all too easy to assume that continued 
progress, and a continually improving standard of life, are part 
of the natural order of things. They are not. Progress requires 
that someone, somewhere, should do or make something that 
no one has done or made before. It may be a small thing or it 
may be very big, but, whichever it is, it is an exercise in originality. 
These various activities are covered by the broad title ‘research’, 
as it is used in academic circles, and it is in this sense that the term 
will be used here. In the world outside, research also includes 
at least one other activity, which may briefly be described as 
‘pulling the sales department’s chestnuts out of the fire’, an 
operation which is undertaken with some urgency when a sales 
department has sold something that the factory cannot yet 
produce. This activity is excluded from my definition, because 
research as I understand it, and as I have seen it in action in such 
places as T.R.E. during the war, is a driving force and guiding 
star, and not a straw to be clutched at by a drowning man. 

Scientific research covers a very wide range all the way from 
purely theoretical extensions of higher mathematics to almost 
purely experimental investigation of properties of materials so 
complex in their structure as to be almost beyond the reach of 
theoretical investigation. Though the engineer is free to operate 
anywhere in the range, his natural home is towards the latter 
end, where he is firmly caught between the upper millstone of 
the laws of nature and the lower millstone of the properties of 
materials. 

In this range pure science, essential though it is, is not enough. 
It must be allied with art, experience and a certain amount of 
low cunning. It is here that what I will call ‘inventive research’ 
has a major place; it spreads all the way from small design 
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improvements to complex new devices or systems, such as jet | 
engines, nuclear power stations and computing machines. 

Every mechanism that currently aids our daily life springs 
from some basic invention in the past and subsequent more or 
less inventive improvements. Anything significantly new in- 
mechanical aids in the future, and the continued improvement of 
existing ones, will require continuing inventiveness from 
someone. ni 

Experience. suggests that inventiveness is rare. There is a 
world of difference between learning how to do something that 
someone else can teach you, and discovering how to do some-— 
thing that no one else can teach you to do. The disparity is — 
even greater if no one can even tell you what the something is. 

This is because once a thing is known, or exists, it has so} 
many links with pre-existing knowledge that it can be made to — 
appear as a logical extension of that knowledge, but the proba- — 
bility is that the extension has been arrived at through only one | 
link with the past, and that not the shortest. | 

Again, it is relatively easy to train a student to pass a par- | 
ticular examination, provided that the syllabus is pre-ordained — 
and that there is available an adequate case history on the type 
of question the examiners are likely to set. The process is known 
as ‘cramming’, and properly done can produce from the student 
results which bear no relation at all to his real ability and most 
certainly no relation to his inventive capacity. The narrower 
the front the greater is the disparity. It is, however, a very 
different story if one considers how to train people to do things. 
that have not been done before. Cramming is obviously 
impossible, the teacher himself does not know what in due course 
the student will originate. 

It is a prime requirement of the educational system that it 
shall produce a continuing supply of people capable of original 
work. Such people are of particular importance to this country 
in its competitive struggle for economic survival, because ideas, 
suitably embodied in hardware, or suitably protected by patent 
law, are exportable. On the other hand, the raw material con- 
sumed in having an idea is negligible; the incremental fuel cost of 
intense mental effort has been estimated at one peanut per hour. 

This, then, is the general background. It is a situation which 
obviously presents many problems to the university engineering 
departments, some of which have already been touched upon. 
The remainder of these remarks will be devoted to discussing 
the role of university research groups in this situation. 

A research group is made up of a number of teams each com- 
prising teaching staff, post-graduate students of all grades and 
technical assistants, each team being devoted to a different 
aspect of electrical engineering but housed in the same building 
as the undergraduates and open at all times to their casual 
inspection. : 

It might appear at first sight that a deep involvement in 
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research by a member of the staff would detract from his value 

asa teacher by draining off a good deal of his energy and time. 

On closer investigation the reverse is easily seen to be true. 

| A teacher may teach for, say, 40 years, during which period 

his subject will expand enormously. It is far better for him to 
keep up to date by being deeply engaged in the process of self- 

: education by research than to attempt to do it purely as an act 

_ of duty. 

A teacher is much more likely to infect his students with 

a enthusiasm if he himself is so convinced of the importance and 
interest of his topic that he is prepared to spend most of his 
waking hours worrying about it. Furthermore, a teacher 

_ engaged in research is apt to be thrown: back again and again 

on fundamentals in trying to solve his own problems. He is 

_ therefore more likely to emphasize fundamentals in his teaching. 

From the viewpoint of the student the most frightening 

aspect of the situation is the continued expansion of the scope 

_ of electrical engineering. 

A complete solution to this problem can never be found by 

_ extension of courses or the skilful rearrangement of their content. 
Even if time allowed it, such a course of action could only 

_ prepare him for the world as it is, not as it will be during the 

~40-odd years of his working life. 

- Much of what he later needs to know he will have to find out 
for himself, and a keen inquiring mind, coupled with the ability 
to apply fundamental knowledge to new situations, is far more 
valuable to him than any amount of specialized technical 

knowledge. In the development of these attributes the spirit 
that animates the teaching and the general atmosphere in which 

_it is conducted are far more important than the content of the 
course. The teacher is in fact more important than the topic, 
and as has been indicated, research activity can help to produce 

_ the right type of teacher and to provide stimulating surroundings. 

Again, the ‘men of ideas’ of the future will largely spring from 
among these students, which poses the question, How can 
people be taught to have ideas? The simple answer is, of course, 
that it cannot be done. All that can be done is to select people 
with natural ability and encourage them, by exposing them to 
an environment in which original ideas are regarded as important 
things, for which credit and standing and advancement can be 
obtained. Originality, like measles, is contagious, but again 
like measles, it will only be caught by those susceptible to it. 

The development of originality is made ‘difficult at under- 
graduate level by the examination problem, and the difficulty 
is aggravated if the examinations are set externally on a pre- 

_ordained syllabus. Inevitably the chief concern of the student is 
to pass the examination, and since the answers to questions set 
to a fixed syllabus are known, the student’s best bet is to learn 
those answers rather than attempt an original solution, for 
originality and certainy can never go hand in hand. Even so, a 

stimulating teacher teaching in his own field of interest, and given 
as free a choice of his subject-matter as circumstances will allow, 

can do a great deal. 

It is, however, at the post-graduate level that a flair for 
originality can be given its first real chance, by associating the 

student with some research activity, and by replacing the 

examination bogey by the requirement that he shall be able to 
demonstrate, by writing a thesis, that he has a grasp of the 
essentials of some unsolved problem, and has applied his talents 
to assisting in its solution. He is brought up sharply against 
the fact that he will not always be able to get the solution to his 
difficulties by asking someone to tell him the answer, or by 
‘studying a textbook. What he has learnt ceases to be something 

“he needed to know to satisfy examiners, and begins to be forged 

into a tool with which he can lever out new information for 


himself. 


” 
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There are, of course, many places outside the universities where 
post-graduate training in research can be obtained, but one great 
advantage of university research is that activity is not confined 
toa particular sphere, nor is it necessarily directed towards a 
fixed objective. It is free to take the line of least resistance and 
to exploit any break-through, no matter where it may lead. 
Thus, a strong research school with several different lines of 
interest is not only necessary to provide facilities for the post- 
graduate student to develop his talents, it can also exert a 
beneficial effect on the undergraduate school on both sides of 
the lecture bench. In addition, of course, there is always a 
chance that something really useful will come out of the work. 
The chance of something useful emerging and of being actually 
used is greatly increased if close and informal links can be formed 
with industry, preferably local industry. Collaboration in 
research effort is probably the best way of maintaining and 
expanding the close contact with industry that is so important 
to the future of engineering education. 

To summarize: university research in engineering can provide 
valuable contributions in at least five ways: 

(i) By extending the boundaries of knowledge. 

(ii) By keeping the staff lively and up to date in their own 
speciality. 

(iii) By demonstrating to the student the dynamic nature of the 
subject and encouraging a flexible approach to it. 

(iv) By providing an atmosphere in which the student can develop 
any talent he may have for original work. 

(v) By tightening the links between industry and the universities 
and increasing their mutual understanding. 

The first objective is well known; the others may be less widely 
appreciated, outside academic circles, and yet they may be more 
important in the long run, because the boundaries of knowledge, 
particularly in engineering, can be, and are, subject to continual 
expansion outside the universities. Furthermore, much of this 
expansion can only take place outside the universities because of 
its scale or its direct application to production. It is therefore 
important at all times to ensure that contribution (i) does not 
predominate; the project must not assume overriding importance 
at the expense of its usefulness as a vehicle of education. For 
similar reasons, the development of a separately staffed post- 
graduate research school, though it may accelerate the extension 
of the boundaries of knowledge, is almost certain to do so at the 
expense of the stimulation of undergraduate teaching. 

From the point of view of the indirect benefits of research, 
(ii)-(v), the importance and success, or otherwise, of the work 
undertaken is not a prime consideration, but there is, of course, 
nothing quite like a resounding success to heighten morale. 

By way of conclusion, two examples will serve to illustrate these 
and other aspects of university research. 

The Electrical Engineering Department at Manchester contains 
what is probably the most potent computing organization in any 
university in this country. It provides a nation-wide computing 
service covering a very wide field of interest, mainly far removed 
from electrical engineering. 

If the history of this apparently illogical but highly successful 
development is traced back, it is found to depend, not on any 
deliberate preplanned policy, but on a series of fortunate acci- 
dents coupled with freedom to pursue what appeared to be the 
most profitable course at any particular time without paying too 
much attention to where this might ultimately lead. Thus, 
the original impetus came from work on storage systems, during 
which a particular, somewhat fortuitous and ultimately irrelevant, 
experimental observation can be clearly identified as the turning- 
point between failure and success. A computing-machine store 
can be thoroughly tested only by using it in a computing machine, 
so a small computing machine was built. It worked, and close 
collaboration with local industry began. 
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bility of electrical shuttle propulsion. For this purpose he built } 
a long linear induction motor designed to move conducting 
material along a straight line instead of round and round. This - 


A commercially built computer was installed in the University 
to gain operational experience to guide future research in machine 


design. Its appetite was insatiable, so it was made available to 
outside users. Meantime, improved machines were being 
designed in the Electrical Department proper, and the engineer- 
ing and operational aspects of computing machines continue to 
develop side by side. 

The effect of all this on the light-current side of the depart- 
mental activity has been, and still is, extremely stimulating; close 
links with industry have been formed, and a contribution to 
progress has been made. 

The glamour of radar, and later of computing machines, was 
at one time tending to unbalance the Department in the direction 
of light-current work. Fortunately, one of my colleagues with 
a knowledge of textile machinery decided to examine the possi- 


novel device excited considerable interest in the Department, and — 
gave rise to many questions which could not be immediately © 
answered. In particular, it posed the question, What would | 
happen if the conducting material were constrained so that it 
could move only in a direction other than the direction of motion — 
of the magnetic field? From this bit of idle curiosity there has — 
grown up a considerable research effort concerned with the — 
development of brushless variable-speed induction motors, which © 
has already met with some success and has brought another close _ 
and valuable contact with industry. It has also revitalized the — 
teaching of heavy electrical engineering and has corrected the — 
balance of interest in the Department. 
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‘THE INSULATOR SURFACE’ 
(Asstract of Address delivered at BELFAST 14th October, 1958.) 


In the early days of our electrical engineering studies we were 
told to imagine a man swimming along a conductor in the direc- 
tion of the current. Most of us thought this a bit odd at the 
time, but we accepted the suggestion and the whole thing left a 
profound impression on us. I trust, therefore, that you will 
forgive me if I ask you now to imagine another man, sub- 
microscopic in size, making a journey from the body of a homo- 
geneous solid, through the surface, to the body of a homogeneous 
gas in contact with it. This man, if he is observant, will pass 
through a bewildering variety of experiences, to some of which 
I want to draw your attention, for they are vitally important to 
us as electrical engineers. 

At the beginning the journey will undoubtedly be monotonous, 
but when our scientific observer comes close to the solid surface 
(perhaps a millionth of an inch away from it), the solid through 
which he is travelling begins to change its nature and this change 
develops as the journey proceeds. At the surface itself, which 
is as craggy as Greenland’s icy mountains, he will pass through 
a very thin layer of crust, only one molecule thick, which is a 
chemical combination of solid and gas. Beyond this, he may 
encounter a layer of liquefied gas of up to a millionth of an inch 
in thickness before he reaches the gas itself. The gas changes in 
nature as he proceeds, until finally it, too, can be said to be 
homogeneous. 

A physicist might tell us that from the beginning to the end of 
this journey the man would meet nothing but electrical particles 
of one sort or another. While this is probably true, and very 
satisfying to the ego of the electrical engineer, it does not 
emphasize the complexity of the surface, so we will forget about 
electrical particles. We cannot, however, forget about ions— 
molecules which are positively or negatively charged—for on his 
journey our observer would pass through several layers of such, 
so that he could be regarded as travelling up and down electrical 
potential gradients as on a switchback. He will certainly finish 
up at a potential different from that at which he started. 


ae Mcllhagger is a Lecturer in Electrical Engineering, Queen’s University of 
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The journey has shown us that the transition from solid to } 
gas is not instantaneous and that the surface is neither simple © 
nor of zero thickness. Let us leave our observer there, for he 
has served his turn and is almost certainly too exhausted to help 
us further. 

From the nature of electrical circuits it is nearly impossible 
to separate conductors by solid insulators without leaving some 
exposed insulator surface-paths between them. In some cases, 
as in cables, these surface paths only occur at the ends, where 
they can be neglected or adequately dealt with. In other cases, 
however, and the so-called ‘air-insulated’ overhead transmission 
line is one of them, each conductor must be supported at intervals 
on solid insulators, the surfaces of which are exposed to the 
atmosphere. When there is a potential difference between the 
conductors—and that is what they are there for—these surface 
paths have considerable nuisance value, especially if they are 
contaminated. The major part of line leakage conductance is 
due to the ionized layers at the interfaces between the solid and 
gaseous insulators; and the major cause of power supply failure 
is the breakdown which takes place over, or follows closely, a 
solid insulator surface. As one writer! aptly says ‘. . . surface 
leakage currents caused operating difficulty in the infancy of 
power transmission some eighty years ago . . . and exist to-day 
as one of the few remaining service problems’. 

In the design of an insulator, as in the design of anything, 
the engineer must first select a suitable material and then mould 
or hew it into such a shape that its good features are used to the 
best advantage while its bad features are not unduly obtrusive. 
In the selection of insulating materials for a particular application 
the electrical engineer is confronted with a myriad of properties— 
physical, chemical, mechanical and electrical—and he must give 
due weight to each before making his choice. In a given case 
the problem is simplified by the fact that many materials are 
completely unsuitable under one or other heading. For example, 
glazed porcelain, despite its somewhat unattractive surface 
properties, was regarded for many years as the only material 
suitable for transmission-line insulators. More recently, tough- 


ened glass has offered strong competition, and impregnated hard- 
wood has been suggested? but, so far as I am aware, has not 
been used. Despite the enormous variety of insulating materials 
available, including many synthetic substances developed over 
; the last few decades, it is perhaps not surprising that the materials 
Suitable for this job are so few when one considers the arduous 
conditions under which line insulators work. 
; Many factors, too, determine the ideal shape of an insulator. 
‘It would be a happy design which achieved anything like a 
uniform potential gradient over the surface under varying surface 
conditions. It would be happier still if any part of the surface 
could be really protected from the contaminating effects of 
_atmospheric pollution. Unfortunately, the insulators available 
fall far short of these ideals, but we can perhaps be thankful for 
their good points. They must hold the conductors up, and this 
they do with astonishing reliability. They maintain, over long 
“numbers of years, their high ‘body’ insulating properties. Also, 
provided the atmosphere is reasonably ciean, they can have such 
a length of surface leakage path as to give reasonable freedom 
from surface trouble. 
_ Let us consider one well-known suspension insulator unit, the 
_cap-and-pin type: the upper surface is short and the lower (and 
so-called ‘protected’) surface is long and tortuous. This type 
of insulator has been illustrated in textbooks for over thirty- 
five years, and it may be assumed to be much older than that; 
but, virtually unchanged to-day, it is so widely used that it is 
regarded by many engineers as the only type worthy of con- 
sideration. All the problems introduced over the years by the 
use of higher and higher line voltages and the long-term effects 
_of atmospheric pollution (also increasing) have been met by the 
use of more and more units per string, together with taller and 
taller pylons. This is not to say that other types of insulator 
have not been suggested or indeed tried,?-+ but owing partly to 
_the resistance of the user to change, and partly to the economic 
impossibility of offering new types, in small demand, at the same 
price as an almost universally used type, the fact remains that 
the cap-and-pin insulator will be hard indeed to dislodge. 

A strange feature of the cap-and-pin insulator is that, although 
it was designed to provide long protected and short exposed 
surfaces, it appears to work even better with all its surfaces 
exposed, for, as A. D. Lantz! puts it: ‘. . . the strain position 
arrangement has the triple benefits of improved drip clearance, 
accessibility of all surfaces for natural cleaning and the acquisi- 
‘tion of sufficient space to allow radical changes in leakage 
distance’. This surprising claim, substantiated by other workers, 
follows a severe but naive criticism of those engineers who are 
rash enough to experiment with new types. We might ponder 
over those three benefits, for they suggest strongly that a new 
approach to insulator surface design is overdue. 

Three factors have arisen in recent years which must drive the 
“power engineer to tackle the whole problem of line insulation 
afresh. First, existing high-voltage lines, such as those of the 
British 275kV Supergrid, will require in the foreseeable future 
to have their voltages increased: this will be economically 
possible only if the new voltage can be accommodated on 
insulator strings having no greater overall length than those now 
in use. Secondly, the expanding use of high-voltage d.c. trans- 
mission by overhead lines raises a host of new problems such as 
the control of voltage distribution over insulator strings, the 
effects of electrolysis on voltage distribution over the surfaces of 
insulator units and on corrosion of the metal ‘hardware’. A 
third factor, and probably the most compelling one, is the 
increasing dirtiness of both urban and rural atmospheres, caused 
by the ubiquitous Diesel engine, aerial crop spraying, road dust 
‘and a great number of messy industries. Near one cement 
works, not a thousand miles from here, overhead-line insulators 
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require, once a month, to be hand cleaned with acid, and 
in bad cases contamination must be literally chipped off the 
surface. This problem could and should be solved at the 
sending end. 

As a basis for new insulator design the engineer must fall back 
on the published results of research workers, and if these are 
insufficient he must pursue such applied research as will provide 
him with the necessary information. It has been correctly said 
that the only outstanding problems of line insulation are those 
of insulator surface behaviour, and an enormous amount of 
work has been done and a staggering quantity of literature 
published on these very problems. I think it would be fair to 
suggest, however, that these researches are largely uncorrelated. 
Chemists and engineers engaged on surface study appear, not 
only to work in different laboratories, but to use the journals 
of different learned societies to publish their work (even the 
Faraday Society, which deals with electrochemical problems, is 
not supported, as it should be, by electrical engineers). No 
single abstracting body covers the work of both, so that it is 
possible for one to be completely ignorant of the many valuable 
contributions of the other. Two examples, which are certainly 
not isolated cases, will illustrate the point. In a magnificent 
textbook on the physics and chemistry of surfaces, N. K. Adam® 
makes—so far as I can find—only one reference to the existence 
of electrical engineers, in the sentence, ‘The conductivity of 
surface films of adsorbed moisture may be a serious trouble in 
high-voltage engineering practice’. Similarly, in a compre- 
hensive survey of the behaviour of transmission-line insulators 
working under unfavourable atmospheric conditions, Zanobetti 
and Vischi’ give 93 references, not one of which is to the publi- 
cation of a chemical society. I hope and believe that this state 
of affairs will not long continue, for the engineer has much 
to learn from the chemist, and, I might add, much to teach 
him. 

Too much of the research work of engineers assumes that 
existing insulator types are, if not perfect, at least the best likely 
to be available. Even with new d.c. lines there is no indication 
that special insulator types are being developed to deal with the 
very real problems of contamination and electrolysis peculiar to 
these lines. Recent utterances of Russian and Japanese workers? 
imply that d.c. transmission introduces no additional problems, 
although time may tell a different story. 

As to the future, there are three ways in which the problem 
of insulator surface breakdown can be tackled. Insulators may 
be designed—or existing designs may be modified—which will 
accept contamination and fog without breaking down. Con- 
ducting glazes, water-repellent surfaces and water-repellent 
coatings such as silicone greases are present-day examples of this 
approach. A second and better way would be to design insulators 
which will reject contamination from their surfaces. This has 
been attempted for a.c. lines, and with some success, by the 
use of suitable electrostatic shields. Conducting glazes, by 
keeping the surfaces warm, also keep them cleaner and freer 
from condensation. A third and very useful approach to the 
problem would be to attack contamination at the source, i.e. 
to investigate the causes of atmospheric pollution and to seek, 
by education and legislation, to put a stop to it where this is 
humanly possible and not merely economically feasible. There 
is a growing public awareness that atmospheric pollution is a 
social evil, and it is our responsibility, as electrical engineers, 
to foster and nurture that awareness. The very insulators 
which we wish to protect from atmospheric pollution carry 
the power lines which could enable that pollution to be 
abolished. 

We can build power stations, and the public will, by and 
large, hate the sight of them. We can erect high pylons, and the 
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‘SOME PROBLEMS AND PROSPECTS OF THE ELECTRICITY SUPPLY INDUSTRY’ 
(Asstract of Address delivered at BristoL 13th October, 1958.) 


To-day, more than ever, the young engineer can look forward 
to occupying a managerial post, provided that his outlook and 
knowledge are sufficiently broad. This address therefore deals 
with matters other than engineering and is directed towards 
those who have entered the electricity supply industry more 
recently, as well as to those outside it. 

A District Manager’s first duty, as I see it, is to ensure that 
the Board’s staff operate efficiently and harmoniously, and that 
all sections are properly balanced. Consumer relations and 
public relations must both be maintained—and by public rela- 
tions is meant those with M.P.’s, Municipal, Urban and Rural 
District Councils, the National Farmers Union and other bodies 
who seek to influence Board policy. This is best done by the 
widest possible personal contact. Because we are nationalized, 
the public are more prone to criticize, particularly as they feel 
we are dealing with ‘public money’. There is much misconcep- 
tion over this term: surely it can only mean that which is levied, 
such as rates and taxes, and for which nothing specific is received 
in return. The revenues of the nationalized industries are not 
obtained in this way; they are derived from the sale of goods, 
services or energy which the public are free to take if available, 
or refuse to take, and the transaction is just as commercial as 
the sale of a pound of sugar over the grocer’s counter. No one 
would claim that the grocer’s takings are public money, although 
it all comes from the public. 

The public expect detailed explanations on any matters they 
may raise, and the Boards must treat complaints much more 
seriously than would private businesses. This ‘public account- 
ability’ of nationalized industries places a heavy burden on them. 
The public also expect uniformity of treatment all over the 
country, and to try to do this requires a great deal of co-ordina- 
tion, resulting in much paper work and increased administration 
costs. In addition, there are the requirements of both internal 
and external auditors, which often means introducing safeguards 
and procedures which private industry is at liberty to modify 
or dispense with. 


Mr. Steel is with the South Western Electricity Board (Bath District). 


One of the reasons why various industries were nationalize 
was to ensure that employees felt that they played a part in its 
management. Accordingly the Electricity Acts laid this duty 
on the industry and two sets of machinery have been set up, one 
for negotiating terms and conditions of employment, and the 
other for promoting health, safety, welfare, training and effi- 
ciency. The manager’s part in this work is most important: he 
cannot deal with staff problems as he could with an engineering 
problem, for human reactions involve emotions, and to para- 
phrase a well-known’saying, when emotion enters the door, logic 
flies out of the window. Managers should encourage free dis- 
cussion and make sure that those elected to serve in the con- 
sultative machinery feel they are doing a worth-while job. I am 
sure this is so in the electricity supply industry, and if the same 
methods were followed elsewhere there would be less industrial 
strife. As an example of the seriousness with which the Boards 
take their duties, I may mention that no fewer than 42500 
employees have been sent on residential training courses since 
1949, i.e. one in four of the total employees. 

Many of our difficulties are caused through external control 
of capital expenditure. The Treasury allots a share of the 
country’s estimated available capital, schemes are prepared, 
prospective consumers are notified and construction schedules 
completed. Then when everything is geared and moving at the 
new tempo, a financial crisis is followed by a directive to cut 
capital expenditure. What this means to efficiency, to manage- 
ment and to the prospective consumers can well be appreciated. 
Perhaps some alleviation could be made by allowing us to 
achieve our capital expenditure targets taking one year with 
another in the same way as we do our trading results. The 
present rate of capital investment is half our total revenue and 
is well over £1000 per employee per annum. With the load 
doubling at least every ten years, the amount of new plant, the 
amount of replacement and reinforcement must grow year by 
year. If this new work is not done, if replacements and rein- 
forcement are not provided, chaos must ensure. Voltage regu- 
lation must be maintained more closely than in the past—if only 
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because of its obvious effects on television sets. The trend of 
load growth cannot be halted by restricting connection of new 
consumers, for there are already practically 15 million being 
served, who can only be controlled by cutting them off—and 
that is unthinkable. 

One of our principal duties is to distribute supplies to those 
who may require them. In urban areas it is only practicable to 
do so by underground cables, but in rural areas we have an 
alternative. As voltage increases, the ratio of cost of under- 
ground cables to that of overhead lines increases until at 275kV 
it can soar to 12:1. Few consumers who need a supply object 
to being served via overhead lines, but often those not imme- 
diately concerned bitterly complain that amenities are being 
spoiled, quite overlooking that another amenity, perhaps the 
greatest of them all, is being created. Our engineers do take 
great care to meet objections, and much negotiation is done 
‘before the schemes become public. One’s ideas on what is an 
amenity change according to one’s needs and viewpoint, and I 
like to think of steel pylons as knights in armour, who are 
striding across the countryside to fight for a very much higher 
standard of living for us all. 

_ Under the 1947 Electricity Act, the Boards (not the C.E.A.) 
‘were charged with the duty of cheapening supplies. We little 
thought then that we were about to go through an inflationary 
period, but despite that the price per kWh has risen by only 
44-2% since 1938 and 34:1% since 1948. In the South West 
the Board’s costs per kWh rose by only 1:8% between March, 
1949, and March, 1958, while bulk-supply costs rose by 45% 
despite the annual load factor rising from 41-6% to 45-79%. 
Electricity has become relatively cheaper compared with gas and 
oil, as shown in Fig. 1. Undoubtedly this trend will continue. 
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Fig. 1.—Relative prices of gas, oil and electricity. 
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“The best way to reduce average prices is to improve the load 
factor. Reluctance to adopt factory shift working operates 
‘against us, but fortunately many new factories using large 
“quantities of electricity have continuous processes with relatively 
few employees. Storage heating is now being developed | in 
commercial premises and small factories, while floor warming 
is coming into use. These developments promise to bring us 
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selection of equipment can keep outages down. Increasing use 
of ‘live line working’ and greater use of mobile generating sets 
reduce the number of planned interruptions, whilst greater use 
of high-speed auto-reclosing circuit-breakers is enabling supplies 
interrupted by faults to be restored more quickly. Formerly, 
when switches in unattended substations tripped out we had to 
rely on notification by an affected consumer. Now auto-call 
systems immediately dial the district office when a switch trips 
and transmit from a wax disc an appropriate message. 

Boards also carry out sales of fittings and apparatus, and 
undoubtedly pioneer work by companies and municipalities in 
selling and servicing electric cookers, for example, has made this 
form of cooking popular. The selling and service of cookers is 
an expensive business which can be done successfully only on a 
large scale. Had the business been spread over a large number 
of relatively small firms it could never have become profitable, 
and the change-over to electrical methods in so many directions 
by the housewives of this country would have been much slower. 
Boards have also carried out a great deai of testing in addition 
to that done by the Electrical Development Association, thus 
improving the efficiency and safety of appliances marketed. A 
natural development was for Boards to carry out wiring installa- 
tion work, so that they could find out the difficulties for them- 
selves and set a high standard, as it is their duty to see that 
wiring installations connected to the mains are free from shock 
and fire risk. The competition offered to private contractors is 
not serious, but is complementary, and generally there is close 
co-operation between Boards and contractors, which in some 
districts is not only helpful but cordial. We are all in the 
electrical business together, and the more we help each other the 
greater will be the prosperity of the whole industry. 

Such is our rate of growth that very soon sufficient coal will 
not be available, and oil supplies may prove both unreliable and 
costly, so we can only rely on atomic energy. Although expen- 
sive to build, atomic stations have remarkably low running costs, 
which Sir Christopher Hinton forecasts will drop to 0-1d. per 
kWh by 1990, while conventional running costs will tend to rise, 
as shown in Fig. 2. Total nuclear costs should equal conven- 
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Fig. 2.—Relative costs of nuclear and conventional generation. 


large loads if the right tariffs can be offered. 
~ Nothing damages public and consumer relations more than 
interruptions of supply, and even planned interruptions, notified 
to consumers in advance, for maintenance purposes or connecting 
“up new lines, must be minimized. Duplicate lines and plant 
are too costly to provide, but careful planning, timing and 


tional station costs by 1962, whilst by 1967 total nuclear costs 
should be less than conventional running costs. Off-peak con- 
sumers cannot expect to have electrical energy at this low 
figure, as they must contribute towards fixed costs, but what an 
extraordinarily wide margin there is between the running costs 
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of the two different types of station! This margin should 
permit development against any competition, and it seems 
incredible that any substantial building should be erected in 
future without some form of electrical storage heating. Already 
groups of houses for private sale and occupation are being built 
with floor warming. There are 50 million ft* of industrial 
buildings being erected and 270000 houses being completed 
every year. Allowing only 10 watts per ft? and 3kW per house, 
the additional load for these alone would be 1300MW per 
annum if electric storage heating was adopted. There is also 
enormous scope for heating water during off-peak periods by 
fitting larger or auxiliary tanks. This load would be doubly 
valuable, as it would reduce the peaks and is required also in 
summer time. All these factors are cumulative, and they would 
augment revenue and put the industry in a position to do more 
self-financing, and make electricity cheaper not only relatively 
but actually. The industry must not be hampered by the ‘undue 
preference’ clause in providing suitable tariffs for night loads 
which will benefit the industry as a whole, as the maximum use 
must be made of the nuclear stations. If tariffs are framed with 
vision and boldness, the way will be open for hitherto uneconomic 


industrial processes to be developed, and enormous amounts of 
energy could be used in agriculture for increasing food output. 

The path which lies ahead for those who guide the electricity | 
supply industry is not an easy one. Tremendous and far- 
reaching decisions will soon have to be taken in order to ensure 
that the industry is on the right course and travelling at the right 
speed, and all those who manage the industry will not only need 
a wide experience in psychology applied to the arts of manage- 
ment and salesmanship, but will also be the better fitted for 
their task if they have had a sound engineering training and 
experience. 

Many people think that the success of an industry should be 
judged by the financial result at the end of each year, but I feel, 
from such experience as I have had, that there is a lot more to 
it than that. The industry in which I have the privilege to serve : 
must not only provide cheap energy at an economical price, 
backed by sound service, but in doing so, it must make its con-- 
sumers well content, and make all its employees feel that they’ 
are doing a very worth-while and satisfying job. I hope that we: 
in the South West can justly feel that we are playing a leading; 
part in achieving these ideals. 
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(Apstract of Address delivered before the SouTH-EAst SCOTLAND SUB-CENTRE at EDINBURGH 7th October, the SouTH-WEST SCOTLAND | 


SuB-CENTRE at GLASGOw 15th October, and the NoRTH SCOTLAND SUB-CENTRE at DUNDEE 16th October, and ABERDEEN 17th October, 1958.) 


With the advent of atomic energy the electricity supply 
industry stands on the threshold of a new era. It is appro- 
priate, therefore, to review the past 60 years since public supplies 
of electricity first became available in Scotland. It was early 
recognized by Parliament that some regulation of public supply 
would be essential; thus the growth of the industry from its 
inception has been profoundly influenced by legislation. 

The Electric Lighting Act, 1882, which was.-the first measure 
dealing with electricity supply, enabled local authorities, com- 
panies or persons to be granted provisional orders to supply 
electricity within defined areas and for specific periods, after 
which company or privately owned undertakings could be pur- 
chased by local authorities. Little encouragement was given to 
large-scale enterprise, and many small undertakings were set up 
each with its independent power station. During the early years 
of the present century, Parliament passed a number of Acts 
under which power companies were set up with perpetual rights 
to supply electricity to industrial consumers and to authorized 
undertakers. ¢ 

1890-1919 


The first public electricity supply became available in Scotland 
in 1892, when the Corporation of Glasgow purchased the under- 
taking established in 1880 by Muir and Mavor, supplying 37 
consumers from 300kW of generating plant. By 1896 electric 
lighting orders had been granted in 7 burghs, comprising 40% 
of the total population of Scotland, and by 1916, 67 burghs had 
been included under electricity orders, covering 60°% of the total 
population, of which only 15% were included under orders 
granted to companies. 

Prior to 1905, only the burghs of Ayr and Paisley generated 
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Fig. 1.—Alternator at Mill Street, Ayr. 


and distributed alternating current (Fig. 1). All other under- 
takings generated direct current, usually 3-wire, at voltages 
varying from 115/230 to 250/500 volts. The initial prime movers 
were Willans or Bellis vertical reciprocating steam engines, and 
the generator ratings varied from 23 to 400kW. Lancashire 
boilers were soon superseded by drum-type water-tube boilers, 
and by 1905 chain-grate mechanical stokers, superheaters and 
economizers were being installed. 

Boiler ratings varied between 17000 and 20000 Ib of steam per 
hour at pressures varying from 160 to 2251b/in*, and tempera- 
tures from 500° to 700° F. Two of the early power stations were 
abandoned as too small after only ten years’ operation. 

In 1905 the first turbo-alternators were installed. These were 


ca 
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rated at 3 MW 6-5kV, and those on the Clyde Valley Electrical 
Power Co. system, at 2MW 11kV. When 3-phase 6:6kV 
supplies were introduced some years later at Edinburgh, Dundee 
and Aberdeen, the frequency adopted was 50 c/s. A SMW set 
installed in 1910 had a steam consumption of 12-8 lb/kWh at 
29in (vacuum) with steam at 225 lb/in? and 700°. 

During the 1914-18 War, the demand for electrical energy 
increased so rapidly that the maximum demand on the Clyde 


_ Valley 11kV system rose from 14 MW in 1915 to 27 MW in 1916. 


. The site of Clyde’s Mill generating station was surveyed in 

August, 1915, and by November, 1916, the first 5 MW set was 
onload. This was a remarkable achievement under conditions 
_ of such acute shortage of labour that women were employed as 
; labourers on the construction work. 


a 


Many of the early distribution circuits consisted of bare 


_ copper bars carried on porcelain insulators in ducts or culverts. 


_ Although the supporters of this system pointed out that the 
_ Current-carrying capacity of the circuits could readily be increased 


y 
“ 
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by the addition of copper bars, it was very soon superseded by 
cables. Cables insulated with jute, hemp and vulcanized bitu- 


_ men were drawn into pipes or laid in troughing filled with pitch. 


Triple concentric 1 in? lead-covered cable, of 34in diameter, 


_ manufactured in 1899 for Glasgow Corporation is believed to 
_ have been the largest cable then made anywhere in the world. 
- Paper-insulated lead-covered steel-wire-armoured 3-core 6:5kV 


cables were first laid in Glasgow in 1903, and from 1905 onwards 


_ underground cables and overhead lines operating at 10kV were 


used in the establishment of the Clyde Valley system. 


1920-1947 
The Electricity Supply Act, 1919, set up the Electricity Com- 


missioners charged with promoting, regulating and supervising 
the supply of electricity. The Electricity Supply Act, 1926, set 
_up the Central Electricity Board to concentrate the generation 
_ of electricity at a limited number of selected stations, to inter- 


connect stations by a transmission system, to standardize 
frequency at 50c/s and to supply electricity to authorized 
undertakers. These two measures accelerated the tendency 


towards fewer and larger generating stations and higher dis- 


tribution voltages. 

The first section of Dalmarnock generating station, which was 
commissioned in September, 1920, comprised five 18-75 MW 
25c/s generators directly connected to 6:°SkV/20kV trans- 
formers. The boilers were rated at 500001lb/hour and supplied 


steam at 250Ib/in?, 650°F. By 1926, Dalmarnock had been 


extended by two additional sets, and with its annual output of 
209 million kWh, ranked fourth in Britain. In 1937, two 50 MW 
20kV generators and six 200000 1b boilers had been added, and 


the steam conditions raised to 600 lb/in? and 825°F. Portobello 


generating station, which was commissioned in 1923, at first 


comprised three 12-5 MW 50c/s generators; later additions of 
-30MW sets increased the station capacity to 146-5MW by 


1939. 
Britain’s 132kV Grid system, now the largest interconnected 


transmission system in the world, was initiated when the first 
section of the Central Scotland scheme was energized from 
Bonnybridge generating station in April, 1929. By 1931, thirteen 
132kV substations with an aggregate transformer capacity of 
725MVA and 240 miles of 132kV overhead lines had been 


‘completed. In 1947 the Grid system in Scotland comprised 690 


circuit-miles of overhead lines and 1296 MVA of transformers. 
The formidable task of conversion from 25 to 50 c/s of the 


Glasgow Corporation and the Clyde Valley Electrical Power 


systems was started in 1928 and completed in 1933. While this 
work was proceeding it was commonplace to have both fre- 
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_ 3-phase 25c/s 1500r.p.m. machines, those in Glasgow being 
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quencies in one substation, but from first to last no mishap 
occurred. The magnitude of the conversion is illustrated by the 
following items of equipment converted or replaced; 16 gene- 
rators totalling 221 MW, 230 rotary convertors totalling 182 MW, 
18970 motors amounting to 340353 h.p., and about 430000 
meters. 

The most significant development in the distribution of elec- 
tricity to the countryside took place in Dumfries County, where 
supplies to the rural community became available from 1933. 
Three-phase 33kV and 11kV main lines were constructed, to 
which were connected 11kV single-phase spur lines supplying 
small rural communities and farms. By 1946, 11000 con- 
sumers, representing 73% of the number of potential consumers 
in the area, had been connected. 

As long ago as 1903, a Canadian firm of engineers reported on 
the possibility of producing power from the Falls of Clyde, but 
it was not until 1927 that the project was completed by the con- 
struction of two stations with a combined capacity of 15-5 MW, 
the 4:92 MW 25c/s generators being the largest hydro-electric 
sets then in operation on any public supply system in Britain. 
Between 1931 and 1936, the Galloway Water Power Co., 
established in 1929, completed a hydro-electric scheme com- 
prising 5 generating stations and 7 reservoirs. The total installed 
capacity is 105 MW, and the average annual output, 230 million 
kWh. The Grampian Electricity Supply Co. obtained statutory 
consent in 1922 to the construction of hydro-electric generating 
stations at Rannoch and Tummel, and in 1930 the first of three 
16MW sets was commissioned at Rannoch. Following six 
unsuccessful attempts by companies to obtain the consent of 
Parliament to hydro-electric development in the Highlands, the 
North of Scotland Hydro-Electric Board was established by Act 
of Parliament in 1943. 

Experience during the Second World War emphasized, not 
only the national value of the integration of electricity supply 
made possible by the establishment of the Grid, but also the 
need for larger distribution areas. Following another examina- 
tion in 1945 of the problem of the co-ordination of electricity 
supplies throughout the country, Parliament passed the 1947 Act 
nationalizing the industry. 


1948-1958 


On the Ist April, 1948, forty-four separate undertakings in 
Scotland were reduced to four, namely the Central Electricity 
Authority (represented by the South West and South East Scot- 
land Divisions) and the South West and South East Scotland 
Electricity Boards, responsible to the Minister of Fuel and Power, 
and the North of Scotland Hydro-Electric Board, responsible to 
the Secretary of State of Scotland, for developing and maintaining 
an efficient, co-ordinated and economical system of electricity 
supply. This arrangement continued until Ist April, 1955, when, 
under the Electricity Reorganization (Scotland) Act, 1954, the 
South of Scotland Electricity Board became responsible to the 
Secretary of State for Scotland for the generation, transmission 
and distribution of electricity in the South. 

From 1948 to 1952, generating plant was so inadequate that 
load shedding by switching out h.v. feeders occurred on 79 days 
and for a maximum continuous period of nine hours. Supplies 
to essential consumers such as hospitals and collieries were main- 
tained, and a rota system was worked out to ensure equitable 
sharing of the inconvenience of loss of supplies among the other 
classes of consumers. 

Since 1948 only two new steam stations have been completed 
in Scotland. Braehead, which was completed in 1953, comprises 
four 50 MW generators. Barony, containing two 30 MW gene- 
rators commissioned in 1957, is the first public generating 
station designed to burn washery slurry. Following modifica- 
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tions to the fuel-handling and drying machinery, the boilers are 
now burning 98% slurry. Three 60 MW sets were installed at 
Portobello, and in 1954 and 1955 the first of these sets, which 
operate at 13501b/in? and 950°F, achieved a thermal efficiency 
of 31-53%, then the highest in Britain. 

In 1948 the total installed hydro-electric capacity in the North 
of Scotland Board’s District was only 87 MW, and by 1957 it 
was 729MW. The largest public hydro-electric generating 
station in Britain is Loch Sloy, in which four 37°5MW sets 
were commissioned in 1950; and the largest hydro-electric 
generator on public supply is the 40 MW set commissioned at 
Clachan in 1955. During the ten years ending in 1957, the Board 
have constructed 143 miles of tunnels, and in 1955 they created a 
world record by driving 557 ft in one week. 

In 1948 there were only 690 circuit-miles of 132kV overhead 
lines and 1296 MVA of 132kV transformers in commission in 
Scotland, but by 1957 these had increased to 2222 circuit-miles 
of lines and 3320MVA of transformers. The double-circuit 
275kV overhead line from Carlisle is now connected to two 
120MVA auto-transformers, and two more will be installed 
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still proceeding. Although many of the older circuit-breakers | 
appear liable to be overstressed, no one has been injured by the 
failure of any switchgear due to inadequate breaking capacity. | 

On the Ist April, 1948, 186650 consumers were supplied from 
d.c. systems. In that year the maximum demand on the Glasgow 
d.c. system was 27 MW. The work of standardization of supplies 
was pressed forward, so that by the end of 1957 all consumers 
in the South of Scotland were receiving the standard 240-volt 
50c/s supply. The difficulties of conversion facing the North of | 
Scotland Hydro-Electric Board were more serious than those in 
the South, but nevertheless the number of d.c. consumers in the — 
North was reduced from 50000 in 1948 to 948 in 1957. 4 

Except in isolated regions, there were few villages without 
electricity supply prior to 1947, but in that year only 7000 farms, 
or 15% of the estimated total number of farms and crofts, had | 
supplies. By 1957, over 37500 farms and crofts, two out of 
every three in the whole country, had been connected to the 
Boards’ systems. 

The progress of the electricity supply industry in Scotland is 
summarized in Table 1. 


Table 1 


PROGRESS OF THE ELECTRICITY SUPPLY INDUSTRY IN SCOTLAND 


Generation 132kV transmission 


Transformer 
capacity 


Number 
of stations 


Length of 


Plant capacity overhead lines 


Extent of Lighting Orders 


Maximum | 
demand 


Number of 
consumers 


Total energy 
sold 


Number of 
burghs 


Percentage of 
population 


miles 


4 kWh x 106 $ 

8 
43 
66 


shortly. The firm capacity of the circuits to England is 510 MW, 
and the degree of interconnection is now such that it is always 
possible to run the most efficient generators to meet load 
requirements. 

Reinforcement of the 11 and 6:6kV systems by the use of 
33kV feeders has been considerable, and despite limitation of 
the fault duty on the 11 and 6-6kV systems to 250MVA, 
replacement of obsolete switchgear has been extensive and is 


Farms and crofts 


Number 


Percentage 


x 103 


In 1898, a labourer in Glasgow had to work for 40 minutes to 
earn the cost of a kilowatt-hour of electrical energy: in 1958, 
despite the recent rise in wage rates, he can earn the cost of a 
kilowatt-hour by only two minutes’ work. } 

Electricity, which is now competitive in cost with other sources | 
of energy for most heating requirements, may eventually become | 


the universal source of energy for industrial, commercial and 
domestic purposes. | 
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By R. A. W. CONNOR. 
; ‘NETWORK ANALYSERS FOR DISTRIBUTION SYSTEMS’ 
; (Asstracr of Address delivered at CAMBRIDGE 6th October, 1958.) 


_ In the early days of the supply industry, when a large pro- 

portion of the load was supplied by direct current, some know- 
_ ledge of Ohm’s law, of the temperature rise of conductors under 
load, and of Kirchhoff’s laws, was all that was considered 
essential in order to design and operate distribution systems. 
: By the early 1920’s it was apparent that the change-over from 
_ direct to alternating current was accelerating, and some know- 
_ ledge of admittance methods was necessary in order to calculate 

voltage drops in the growing a.c. networks. At this stage the 
_ problems of short-circuit and earth-fault currents were not 
_ serious, although circuit-breakers occasionally exploded owing 
_ to the gradually increasing fault power available. Similarly, 
- with these networks load-fiow calculations were not often con- 
_ sidered necessary even when a number of small stations were 


calculators and analysers many problems can be solved in a 
comprehensive manner that would otherwise not be solved in 
detail owing to lack of time. The permutations in switching 
operations on a network may run into hundreds, but with one 
operator calling out the results, another can quickly record 
them in coloured pencils to denote different switching con- 
ditions or load growth. D.C. calculators can be used with 
considerable success on short-circuit problems, and when only 
one supply point is involved, both for load-fiow and earth-fault 
studies. The results obtained, even though not of the highest 
order of accuracy, are often invaluable to both design and 
protection engineers. 

Although much valuable work can be done on d.c. calculators, 
they have their limitations. Certain problems cannot be done 


interconnected. However, with the passing of the 1926 Act 
_ and the interconnection of undertakings by the national Grid, 
_ the simple mathematics already mentioned was insufficient and 
_ it became necessary to apply vector algebra and symmetrical- 
component theory in order to find out the network conditions 
under both load and fault conditions. 

With a modern interconnected network it is also necessary to 
estimate the growth of load with some accuracy so that networks 
can be designed to cater for the growth over a reasonable length 
of time. The operating staffs also need to know the magnitude 
of fault currents with both phase and earth faults so that they 
- can select suitable protective gear and adjust and maintain it to 
give the best possible performance. 

With complicated networks, manual calculations become very 
lengthy even when they are speeded up by the use of tabular 
methods and calculating machines operated by non-technical 
staff. A solution to this difficulty has been found in the use of 
network calculators and analysers. These comprise equipment 
' which enables a model of the network to be made. This can 
then be fed with a suitable supply and various conditions on the 
network can be studied by the performance of the model. Fixed 
or ‘geographic’ models may be made and find some use where 
' the networks are large and important, but universal models 
which can be set up to solve any problem find wider application. 

The model may be supplied with either direct or alternating 
current. A d.c. calculator comprises an arrangement of resistors 
which arenormally used to represent the impedances or reactances 
of the various circuit components. The many short-cuts that 
may be used with experience include: ignoring the impedance 
of the source, ignoring resistances and assuming that the 

impedance is entirely reactive, ignoring loads taken off en route 
from a feeder and ignoring the fault power of motors and 
synchronous machines. 

The theory of symmetrical components provides a powerful 
tool for investigating unbalance problems, and by this means 
single-phase studies can be made of 3-phase systems and the 
currents and voltages in the various phases obtained. With 
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at all with direct current and others with insufficient accuracy. 
An a.c. analyser gives the load flow both in P and Q, it can take 
account of system losses and give voltage and transformer tap 
positions at substations. Such knowledge is often essential. 
There are five or six large a.c. network analysers in this country 
of the impedance type operating at fixed frequencies between 
500 and 1500c/s. A number of smaller a.c. analysers are also 
in course of construction which are specially suitable for distri- 
bution-system problems. These will operate at 50c/s on the 
conjugate-impedance principle, in which R’ = R, C’ = L and 
L’ = C. In addition, the Electrical Research Association have 
built a large a.c. analyser which is probably unique, with a 
variable-frequency supply of 159-15900c/s. This enables 
variable-frequency studies to be made without using the step-by- 
step technique, in which all circuit-elements have to be adjusted 
to different values corresponding to the frequency being studied. 

To obtain the maximum use from an analyser it is necessary 
to prepare the problem properly in advance. It is also very 
useful to have the operating engineer present, so that decisions 
can be made on the spot, and it is essential to issue a compre- 
hensive report after each investigation to avoid later duplication 
of work already done. 

Operating engineers, and in particular young engineers, have 
a right to see their system on an analyser, but they must justify 
this claim to analyser time by mastering the necessary mathe- 
matics and technique. It is only in this way that the full 
advantages can be obtained from this somewhat expensive but 
nevertheless invaluable equipment. 

The increasing complexity of modern networks, coupled with 
a doubling of load every ten years, means that systems cannot 
be designed and operated without an ever-increasing use of 
calculators and analysers. The digital computer also offers 
exciting possibilities. The further one attempts to peer into the 
future the greater are the possible major changes. The digital 
computer then appears to offer economic advantages by the 
speed with which it can solve a large number of equations. It is 
possible, therefore, that at some future date computers may be 
used in distribution system planning and operation. 
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RUGBY SUB-CENTRE: CHAIRMAN’S ADDRESS 
By E. M. PRICE, M.A., M.I.Mech.E., Member. 


‘ORGANIZING FOR TECHNICAL DEVELOPMENT’ 
(Asstract of Address delivered at RuGBY 8th October, 1958.) 


Much of the work of a manager is devoted to the problem 
of helping others to work more successfully. The following 
observations on the subject of organizing for technical develop- 
ment are an attempt to show the extent to which management 
is concerned to aid the practical engineer. This survey covers 
the last decade and comprises hydro-electric and thermal power 
station practice, gas turbines, Diesel-electric installations and 
atomic plants, with which the author has been associated. 

Extensive developments in size, efficiency and type of hydro- 
electric plants have been made in the face of increasingly severe 
competition, both from within the Commonwealth and outside. 
This has put a high premium on reducing weights and therefore 
costs of material by better design and improved manufacturing 
methods. In thermal power stations there has been similar 
rapid—almost startling—progress in respect of steam conditions 
and size, but ever-increasing ratings have been combined with a 
rapidly reducing quantity of units to be made. This year the 
Central Electricity Generating Board placed orders for three 
units, one of 550 MW and two of 275 MW, whereas ten years 
ago this capacity would have involved as many as 20-25 units. 

Gas turbines for industrial purposes were largely a post-war 
development and have posed some knotty problems. Small 
units of 2MW and upwards are proving their versatility in 
several spheres, and are especially useful in the oil industry. 
Sets up to 20 MW in size are also installed in this country for 
special duties. Although the technical development of gas tur- 
bines is fairly well known, manufacturing problems still occupy 
the attention of management and engineers alike. One such 
problem concerns the manufacture of blades and other parts to 
withstand extra-high temperatures. 

Diesel engines have now reached the stage where radically 
new features are seldom found for conventional applications. 
With the demand for Diesel generating and pumping stations 
mainly coming from oversea, the emphasis is towards greater 
reliability as opposed to refinements in operation, and first cost 
is often more important than high performance. How different 
is this from the needs of Diesel-electric traction, where 
power/weight ratio and ease of control are both of great impor- 
tance and new concepts of design are still possible and attractive. 

The field of development in atomic power stations covers the 
complete gamut of physics, metallurgy, chemistry, civil engineer- 
ing, mechanical engineering, heavy- and light-current electrical 


(i) To achieve good results in technical fields, an adequate — 
supply of good technical personnel is necessary. 

(ii) Given the qualified men, the services must be provided to — 
enable them to produce the answers. 

(iii) Manufacturing facilities must do justice to the design. 
Regarding the problem of securing an adequate supply of 
good technical personnel, it has been asserted that money is 
the paramount factor. This is an over-simplification. Amongst 
the other influences, undoubtedly a broad educational policy 
within the company is important. A comprehensive range of 
apprenticeship for all grades of personnel is necessary, with both 
academic and’ practical instruction and experience. Training is 
not enough: it is incumbent on management to provide good 
working conditions. Perhaps the most important requirement 
of all, however, is to ensure that work is interesting and that 
prospects are good and clearly seen. The current shortage of 
technical staff may be beneficial in forcing managements to 
rationalize the work of their engineers. 
The second of the three criteria, namely the provision of 
adequate services for engineers to produce the best resultc, 
implies that engineers must have facilities under their own control ! 
to carry out their main developments. To-day one must, how- 
ever, take notice of the fact that many specialized branches of 
science not available within conventional product departments 
must also be made available to the product engineer. These can 
cover a wide range of topics in fluid dynamics, thermodynamics, 
structures, mechanics, physics, metallurgy and chemistry. Then 
there are the services of computers, digital and analogue, and the 
use of other types of analogues as well. Finally, in this sector 
mention must be made of adequate library and reference services. 
These are essential for disseminating the more important infor- 
mation available from the mass of published material and also 

contained in internal reports. 

Dealing now with the manufacturing services to the labora- 
tories, central manufacturing shops, divorced from product- 
manufacturing shops, must be provided complete with all 
facilities. The accent here must be on quick service rather than 
minimum total man-hours per piece. Another item under this 
heading is one of special significance—manufacturing advice. 
The learning process is continuous, and from the two-way 
contact between designers and works stem many technical 
improvements in design and manufacture which in turn help to 


engineering. The problem is to pick from the many fields of 
possible investigation those which are most likely to be of primary 
importance whilst at the same time being within reasonable 
financial limits. 

One thing is common to all the above-mentioned fields of 
engineering development. It is no longer possible to get along 
just because you can make a product: it has now to be a steadily- 
improving product. 

How then can assistance be given to engineers to do a better 
job, whether in the field of development, design or manufacture ? 
All of them are concerned with development in one form or 
another, and one of the duties of management is to ensure that 
the required tempo of development is achieved. The opportu- 
nities for action fall under three headings: 


Mr. Price is with the English Electric Co., Ltd. 


achieve the third essential, namely adequate facilities in respect 
of plant and buildings and supervisory services. In a company 
in the heavy plant field using massive equipment, it is vitally 
important to make a close study of plant utilization and 
to employ imaginative planning and adaptation in order to 
minimize capital requirements in what is a fast advancing | 
field. 

Finally, what of the future? The trend over the past decade 
has been towards a steadily increasing proportion of technical 
staff to production personnel, and there is every sign that this 
will continue for a long time. This trend towards a greater 
technical content of work is a good thing because it is just this 
high quality of technical skill in Great Britain which will enable 
us to keep in the forefront of developments at home and oversea 
and thereby to maintain and improve our living standards. 


——— a ee 
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SOUTH-WEST SCOTLAND SUB-CENTRE: CHAIRMAN’S ADDRESS © 
By W. ADAM, B.Sc., Associate Member. 
‘ELECTRONIC DRIVE FOR A PAPER-MAKING MACHINE’ 
(Asstract of Address delivered at GLAscow 29th October, 1958.) 


The application of electricity to industry is a complex and 
fascinating subject involving specialized knowledge of various 
industries in order to deal effectively with their associated prob- 
lems. An interesting application involved a multi-generator 
electronically-controlled sectional drive for a paper-making 
machine,* which at the time of its installation (about six years 
ago) was the first of its type not only in this country, but also 
in Europe. 

In the early days all kinds of materials were used for writing 
and drawing, such as clay tiles, bones, skins and papyrus. 
Papyrus, a water reed which grows in abundance on the banks 
of the Nile, was used by the Egyptians for nearly 3000 years: 
most of the works of the great Greek and Roman scholars were 
written on it. The origin of paper making is somewhat obscure, 
but it certainly occurred in China round about A.p. 100, although 
it did not reach this country until the 15th century. This was 
hand-made paper, rags only being used as the raw material. 
The demand, however, increased to such an extent, particularly 
at the time of the Industrial Revolution, that thorough investiga- 
tions were carried out to obtain additional raw materials, 
culminating in the use of wood, esparto grass, straw, etc.: 
furthermore, the mechanization of the paper-making technique 
was obviously essential to provide increased production. 

Esparto grass is generally required for fine writing papers, 
such as those produced by the machine with which we are 
concerned. Only the cellulose content—of this or any other 
raw material—is useful for making paper; all extraneous matter 
must be removed and the grass thoroughly cleaned and purified 
in order to produce a quality sheet. Lantern slides were shown 
of the various processing stages such as the digesters, where the 
grass is boiled in caustic liquor; potchers, where the pulp is 
thoroughly washed and bleached to requirements; and beaters, 
where the fibres are teased out preparatory to final cleaning 
before passing to the paper making machine. - 

The consistency of the pulp, which flows in a controlled and 
regulated stream to the ‘wire’ of the machine, is of the order 
of 1%, ie. 99% water and 1% fibres, and the essential problem 
is to get rid of the water and form a coherent sheet. Lantern 
slides were shown of the various sections of the machine, such 
as the ‘wire,’ an endless phosphor-bronze wire-mesh cloth which 
carries the pulp as it moves forward and under which are located 


~ suction boxes to remove water; the wire frame, which is hinged 


at one end and is given a lateral shake motion which helps to knit 

the fibres together; the couch roll, which drives the wire and is 

of the suction type to remove more water; the press rolls, which 

press out more water and help to form the sheet; the dryer 

cylinders, steam heated, which drive off the remaining moisture; 

the calender stacks, with steam-heated rolls, which impart the 
* Fourdrinier machine: wire width, 122in; speed range, 40-400 ft/min. 


Mr. Adam is with the British Thomson-Houston Co., Ltd. 


necessary polish or finish to the sheet; and the reel, on which 
the paper is finally wound before passing to the finishing house, 
where it is cut into smaller reels or sheets, according to 
requirements. 

Including the reel, each of the 17 sections of the machine 
(couch roll, press rolls, dryers, etc.) is driven by a forced- 
ventilated compound-wound d.c. geared motor unit. The shunt- 
field excitation of each section motor is supplied from a common 
exciter, the voltage of which is held constant within very close 
limits by its own electronic voltage regulator. The armature of 
each section motor is supplied from its own d.c. generator. 
The entire paper-making speed range, 40-400 ft/min, is obtained 
by generator field control, the shunt field of each section 
generator being excited from its own bi-phase thyratron recti- 
fier. The feedback principle is used for speed control of all 
sections: the voltage of a small d.c. pilot generator, of special 
design, coupled to the non-driving end of each section motor, 
is compared with a section reference voltage, and the difference 
voltage controls the output of the section-generator field thyra- 
trons through a 2-stage amplifier and phase-shift network. 
Variations of section speed with fluctuations of load will vary 
this difference voltage, and the speed-control system will then 
operate to restore the section speed to the correct value. 

To avoid breakage of the paper, a speed differential must 
exist between sections: this is termed ‘draw’ and is adjusted by 
operation of a small rheostat in the section reference-voltage 
circuit. The correct adjustment of ‘draw’ between sections is a 
measure of the skill and experience of the machineman and is of 
the utmost importance. 

The reel is driven by a shunt-wound d.c. motor, the armature 
and field being supplied from a 6-phase half-wave and single- 
phase full-wave thyratron rectifier respectively. Constant peri- 
pheral speed with build-up in diameter of the reel is maintained, 
and tension in the paper is automatically held constant, the 
latter being adjustable by means of a small rheostat. Two reel 
motors are provided to facilitate change-over from full to empty 
reel. 

Lantern slides were shown of the electronic cubicle-type gear, 
contactor panels, section controllers, master control pedestal, etc. 
Each section motor can be started and stopped individually from 
the appropriate section controller, which also houses the rheostat 
for ‘draw’ adjustment. The speed of the machine as a whole 
can be varied from the master control pedestal. 

An adequate degree of amplification is provided so that 
changes of speed with load are practically negligible. The speed 
between sections can be held constant within +0-1%, and the 
speed of the machine as a whole between +0:2%, irrespective 
of load fluctuations, temperature changes and normal supply- 
frequency variations: these percentages are constant over the 
entire speed range. 
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SOUTH-WESTERN SUB-CENTRE: CHAIRMAN’S ADDRESS 
By Captain W. W. H. ASH, R.N., Wh.Sc., A.D.C., Member. 
‘ELECTRICAL ENGINEERING IN H.M. DOCKYARDS’ 

(Asstract of Address delivered at PLYMOUTH 16th October, 1958.) 


The address opens with a review of the history of H.M. 
Dockyard, Devonport. Although Charles II, in 1677, contem- 
plated a West Country dockyard to assist in prosecuting his 
war with the Dutch, it was William of Orange, as William III, 
who commenced operations in 1691 with the construction of a 
graving dock, a basin, two building slips, a ropery and certain 
storehouses. The site was expanded over the years up to 1789, 
during which three more docks and accommodation for the 
workmen were provided. Around 1850-60 this yard, now 
known as the South Yard, was substantially reconstructed and 
also adapted to the building of iron ships, and to-day it is con- 
cerned mainly with the building of new ships and with naval 
storekeeping. With the advent of steel for ships came also 
steam propulsion, and the additional facilities required resulted 
in the construction of the Steam Yard to the northward, com- 
prising three more docks, a second basin and a magnificent 
engineering factory. This factory, known as the Quadrangle, 
although now 100 years old, continues to perform practically 
the same functions as when first erected. Around 1900, further 
expansion became necessary, and a third yard known as the 
Keyham Extension was added, again to the northward, to give 
three more large graving docks and two more fitting-out basins. 
This extension can be identified with the coming to the Fleet of 
the steam turbine, the largest battleships with heavy gun arma- 
ment and electrical installations. The largest units of the Navy 
are fitted out here. In this yard, therefore, are to be found the 
turbine shop, the main electrical workshops and the radio repair 
facilities. Post-war developments have added further space 
and facilities, particularly a gunnery equipment workshop and 
additional electrical workshops. 

A brief outline is then given of the coming of electrical 
engineering to the Fleet, which appears to have begun in 1870 
when electric firing of guns was introduced using a pile-type 
battery. The dynamo first went afloat in 1875 to operate a search- 
light, and general electric lighting made its appearance in 1881. 
This system employed distribution at 880 volts d.c. with lamps in 
series, and, as might have been expected, it was only the next 
year when the first fatal accident from electric shock on board 
occurred. In 1906 the supply voltage was standardized at 220, 
and at this time also multiple dynamo installations led to the 
adoption of a ring-main system of supply and distribution: an 
arrangement which was to remain for the next 50 years. 
Reference is made also to the experiments in wireless telegraphy 
carried out by Capt. H. B. Jackson at Devonport from 1890 
onwards, and, on his recommendation, the installation of 
Marconi equipment in four ships in 1899. In addition to their 
‘high power’ 220-volt systems, H.M. ships have a ‘low power’ 
system based on 24 volts d.c. to serve vital seagoing and fighting 
services, such as weapon-control data transmission, gun firing, 
navigational aids, telecommunication, etc. In latter years, 
however, developments in automatic control of armament, 


Capt. Ash is at the Admiralty, Bath. 


radio, aircraft servicing, etc., have required the introduction of 
an ever-growing number of other voltages both d.c. and a.c. 
(with a variety of frequencies), and now, in a large ship, some 
80-90 motor-generators may be required. Increasing demands 
for electric power and the paramount need to reduce weight and 
maintenance effort resulted, in 1952, in the appearance of the 
first naval ship with a basic a.c. supply system and employing 
a 440-volt 3-phase 60c/s distribution scheme. 

The address next outlines the make-up of the dockyard 
organization, deals with the electrical department’s structure, 
and states that its activities divide into three broad groups, 
namely shore, ships and shops with labour loadings, respec- 
tively, of around 1000, 800 and 650: the department also bears 
about 500 apprentices. 

The shore sections are concerned first with the dockyard 
electrical shore installations and secondly with a large number 
of Admiralty establishments external to the yard and spread 
through the south-western counties of England and Wales. 
Some details are given of the dockyard generating station 
(15MW, 6-6kV), established in 1905, and of its continuing 
augmentation by supplies from the South Western Electricity 
Board through a newly developed 33/11 kV distribution scheme. 
The total connected dockyard load is about 67 MW, and the 
present maximum demand is. 234MW. Some of the more 
interesting installations are next described, such as the arrange- 
ments for giving shore supplies to ships alongside, there being 
provision for a total of 16 MW d.c. and planned arrangements 
for about 14MVA a.c. Temporary electric lighting arrange- 
ments, using 110 volts for ships under refit, external lighting, 
electric cranes, capstans, welding, dock machinery and pumps, 
air compressors, cathodic protection and the dockyard telephone 
system (2000-line p.a.b.x.) are also touched upon. 

The work of the ship section is also described, this being con- 
cerned with the rewiring of defective cabling, repair of electrical 
machinery, domestic equipment, radio and other electronic gear, 
weapon-control systems, etc. Work of this type beyond the 
scope of the men working in the ships is removed by them to the 
comprehensive refitting facilities ashore, where specialists rebuild, 
as necessary, to full manufacturing specification standards. To 
convey an idea of the scope of the matériel handled, particulars 
are given of a typical ring-main distribution system in a ship 
with 4000kW of generating capacity, together with some 
information on ships’ telecommunications, internal broadcasts, 
radio and the elements of the analogue computers, etc., asso- 
ciated with weapon-control systems. 

The address concludes with a tribute to the dockyard electrical 
workmen employed in these shore, ship and shop activities, to 
whose consummate knowledge and skill so much is owed in the 
fitting-out and maintenance of the highly complex installations 
in the modern warship. Indebtedness is also acknowledged to 
the Lords Commissioners of the Admiralty for their kind per- 
mission to give the address, and to Mr. John M. P. Hooley, 
for information on the early growth of Devonport Dockyard. 
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TEES-SIDE SUB-CENTRE: CHAIRMAN’S ADDRESS 
By L. F, ROBSON, B.A., Associate Member. 


‘THE FUTURE OF ELECTRICITY AND THE MAN IN THE STREFT’ 
(Asstracr of Address delivered at MIDDLESBROUGH 1st October, 1958.) 


Past Development.—Although public electricity supply is now 
some 70 years old, by the time the half-way stage had been 
reached in 1922-23 the use of electricity for domestic and com- 
mercial supplies had really advanced-very little. A distinct 
change came in the 1920’s when supply undertakings began to 
be aware of the need for developing load which would not be 
seriously affected by slumps, and for developing load comple- 
mentary to the industrial load as a means of spreading the 


_ demand curve and improving the system load factor. 


> 


About this time, serious attention began to be paid to supply 
economics and costing, and I may perhaps mention that the 
cost of supplying anyone with electricity can be divided into 
three components: fixed costs, which include meter reading, 


billing, etc., and quite a proportion of the capital charges in 


respect of the l.v. network; demand-related costs; and energy 
costs. It is important to note with regard to the demand costs 
that what matters is not so much the actual m.d. of the individual 
consumer as his contribution to the system or network m.d. 
The relationship between the two is broadly known as diversity— 
a concept which is absolutely fundamental; in fact the whole 
electricity supply business is founded on it. 

The Present Situation.—The economic objectives of the supply 
industry are, first, to increase the use of electricity in all cases 


_ where the revenue is small] in relation to the fixed costs, and 


_ secondly, to increase the consumption of energy in relation to 


the after-diversity demand; i.e. to improve the system load factor 


and employ plant and mains to the best effect. 


From the supply industry’s point of view, the important 
features are that consumption continues to double roughly every 
ten years or so; that the load factor remains rather static at just 
below 50%, although this is something of an achievement since 
the trend is for people to work shorter and shorter hours; and 
that, although the average consumption per domestic consumer 
is now about three times what it was before the war, there are 
still too many small consumers whose annual expenditure on 
electricity barely covers the fixed costs. 

From the consumer’s point of view, the outstanding feature is 


the modest increase in electricity cost relative to other fuels since 


the period before the war. In addition to the traditional advan- 
tages of cleanliness and convenience, electricity has now become 
cheaper in energy cost alone for many applications. 

The Future.—It seems likely that the trend of relative costs in 


favour of electricity will continue, provided that the overall load 


- be a relative fall in off-peak rates. 


factor can be maintained or improved. The important feature, 
of course, is the use of nuclear energy, which means lower running 
but higher fixed costs, and in the rest of this address I should 
like to consider the possibility that the man in the street may 


_ eventually take practically all his energy requirements in the form 


of electricity. 

During the 1960’s, therefore, relative to general price levels, 
we may expect a fall in the running component of two-part tariffs 
and in the final rate of block tariffs. Still more, there should 
According to Sir Christopher 


Hinton, the really interesting point is reached about 1970, when 


_ the nuclear generation output will approach or equal the national 
base load. We shall then be obliged either to switch back to 


the construction of coal-fired stations which can operate eco- 
Mr. Robson is with the North Eastern Electricity Board (Tees Sub-Area). 


nomically at lower load factors, or to continue to build nuclear 
stations with the risk at night-time of under-employing the very 
heavy capital investment. From a study of similar authoritative 
articles it seems likely that the supply industry will adopt the 
second alternative, and will then be in a position to sell energy at 
night-time at ‘by-product’ prices—possibly in the region of 4d. 
per kWh. The man in the street will be delighted with this 
abundance of cheap energy, but unfortunately he may find that 
his premises built, say, in the 1950’s are not designed to take 
advantage of it. 

Off-Peak Thermal Storage Heating—This appears the best 
means of using the cheap off-peak energy mentioned above. 
The principal techniques, namely floor-warming and block 
storage heaters, are readily applicable now for new and existing 
commercial premises, respectively. Floor-warming seems also 
very suitable for multi-storey flats and for private houses (the 
latter with loadings of 6-10kW, and consumptions of 7000- 
15000kWh per annum, costing £25-50 per annum for space 
heating at present rates, but only perhaps £10-15 at the prospec- 
tive by-product rate). Another application of thermal-storage 
to domestic and commercial premises is for water heating, and 
the storage-tank sizes required are not at all unreasonable. 

Effect on L.V. Networks.—It is interesting to consider the 
effect of extensive thermal-storage loads on local l.v. networks. 
While the intention is obviously to make maximum use of existing 
l.v. copper, it may be that we shall have to incur heavier capital 
expenditure under this heading in order to improve the load 
factor on the generating plant. For example, housing estate Lv. 
networks are designed now on the basis of 2-24kW demand per 
house, but with every house equipped with off-peak space heating 
and water heating we may well have a total demand of about 
10kW. This figure appears formidable, but it is not really so 
difficult, since l.v. networks consist of a grid of distributors with 
substations at suitable intervals, and as loads increase the 
tendency will be to introduce more transforming points and only 
occasionally to increase the l.v. copper size. Therefore, to meet 
four times the present demand we may expect to spend a little 
more on services, l.v. mains and h.v. mains, but nearly four times 
as much on substations. From tentative figures it seems we 
might provide 10kW per house for a capital expenditure of 
about £120 compared with the present £60. Each consumer 
might be expected to take, say, 12000 off-peak kWh per annum, 
so that the cost of the heavier l.v. network would be about 
0-1d. per kWh. Thus the selling price, assuming by-product 
prices at the bulk-supply points, would still be very favourable 
to the consumer. 

Unmetered Supplies—With the trend of higher fixed com- 
ponents and lower running components for normal supplies, it 
has been suggested that the time will come when we shall dis- 
pense with meters and sell electricity by the kilowatt-year, a 
similarity with water supplies being claimed. I do not think we 
shall adopt this, for the following reasons: unmetered supplies 
encourage waste, and wasted energy, even though it costs little 
to generate, means wasted plant and mains capacity; such 
supplies forfeit the advantages of diversity, which as previously 
stressed is the basis of the industry. This seems to be borne out 
by experience in Norway, where the tendency is to return to 
metered tariffs. 


40 


CENTRE, SUB-CENTRE AND GROUP CHAIRMEN’S ADDRESSES 


The Institution of Electrical Engineers 


Abstract No. 2818 . 


Feb. 1959 


NORTH-EASTERN RADIO AND MEASUREMENT GROUP: CHAIRMAN’S ADDRESS 
By G. H. HICKLING, B.Sc., Member. 
‘RESEARCH FOR ELECTRIC POWER’ 
(Asstract of Address delivered at NEWCASTLE UPON TYNE 20th October, 1958.) 


The address, which took the form of an informal lecture, illustrated 
the very wide range of research activities which are now required in a 
large heavy electrical engineering manufacturing organization, and 
showed the very varied uses which are made of electrical and electronic 
instrumentation, both in experimental work and as adjuncts to pro- 
duction processes. Although attention was mainly confined to the 
electrical research laboratories of a particular company, it was shown 
that measurements of an extremely wide range of mechanical and 
physical quantities are necessary in its day-to-day work. 


Industrial research is necessarily related very closely to the 
manufactured products, which, in the organization considered, 
include steam and gas turbines, large generators and trans- 
formers and, in recent years, a variety of specialized plant and 
instrumentation for nuclear power stations. A subsidiary sec- 
tion of the factory also manufactures precision optical and other 
instruments. Although research in the nuclear engineering field 
has not yet attained its full impetus, this relatively new activity 
has, nevertheless, already greatly inereased the extent and 
diversity of research and development work of the Department. 

In the address the various types of research investigation under- 
taken in connection with each of the foregoing products were 
reviewed in turn. Researches into steam turbine problems 
involve vibration frequency and vibration fatigue studies on 
blading, both under normal test-room conditions and under 
simulated or actual working conditions; measurements of tem- 
perature and pressure stresses through the fixed and moving 
parts of the turbine; studies of bearing operating conditions and 
of machine vibration—all of these requiring the use of electronic 
measuring techniques. The development of improved methods 
of dynamic balancing, and the provision of ‘turbine supervisory 
instrumentation’ to ensure safe operation in service, are other 
instances of the application of electrical measurements in turbine 
engineering. For special investigations on the test-bed, or 
during commissioning of turbo-generator plant, both electro- 
magnetic and capacitance-type transducers, and also resistance 
strain gauges, are frequently employed by the electrical research 
staff, to measure displacements, pressures and other quantities 
on both fixed and rotating parts. 

Researches in connection with the development of generating 
plant have been equally diverse, relating to insulation prob- 
lems, magnetic flux distribution, cooling, bearing behaviour and 
mechanical running conditions, slip-ring and commutator per- 
formance, and numerous other factors. The development of 
thermal unbalance on load and the occurrence of high mechanical 
stresses in rotor end-caps are two problems of a mechanical 
nature which have been extensively investigated, whilst develop- 
ments in methods of cooling have led to some revolutionary 
advances in design. These have included, in sequence, hydrogen 
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cooling, direct gas cooling of rotor copper, and most recently, 
water cooling of stator conductors. All these developments 
have involved extensive laboratory investigations, and in many 
instances new electrical measuring techniques have been required. 

Transformer research work has extended over an equally wide 
range and has been on broadly parallel lines. The insulation 
problem alone may be singled out for mention here. This is 
primarily a question of meeting a surge test specification, 
which overrides. the requirements for power-frequency tests. 
Researches involve extensive study of winding voltage stresses 
using the recurrent-surge oscillograph; dielectric tests on samples 
with microsecond surge voltages; and finally full-scale surge tests 
on complete transformers. In this last field, electronic tech- 
niques have recently been extensively used for measurement and 
recording of high-voltage transients as well as for control of the 
impulse test plant. Noise measurement and analysis is an impor- 
tant study also in connection with both machines and trans- 
formers. 
has been developed for checking the quality of transformer 
insulation during manufacture. 

In work for the Optical Division, the development of highly 
stable electronic drives for astronomical telescopes, and of infra- 
red spectrometers and gas analysers for the chemical industry, 
may be mentioned. The latter class of instrument has involved 
some extremely interesting electronic amplifier problems. 

On the nuclear engineering side the Department’s activities 
have been almost as diverse as those for all other production 
requirements. Strain measurements on unusual types of struc- 
ture, pressure, temperature and flow measurements, and clearance 
measurements in gas bearings and seals have been undertaken. 
Various electro-mechanical handling and operating devices have 
had to be developed. The Department being responsible also 
for all nuclear instrumentation, many different types of electrical 
and electronic measuring and control devices have been investi- 
gated or specially developed in the laboratory. Reliability 
studies on both thermionic and transistor devices have been an 
important part of this work. 

Another important field of activity, related to almost all of 
those mentioned so far, is the application of electrical simulators 
or computers to the solution of engineering design problems of 
many kinds. These include the electrolytic tank for field dis- 
tribution problems; the RC-network thermal simulator for heat- 
flow studies; the analogue computer, applied to almost all 
complex problems of time variation; and the high-speed digital 
computer. All these are being used by the laboratory at the 
present time, a notable instance being the application of a large 
analogue computer to the study of safety and control problems 
in nuclear power plants. 


A new electronic instrument—the ‘dispersion meter’-— ~ 
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THE OBJECTIVE FOR EURATOM 
By Professor F. GIORDANI. 


(Asstract of a Lecture delivered before the SuppLy SECTION 26th March, 1958.) 


INTRODUCTION 


To-day the problem of power has the same importance as that 
of bread towards the end of the last century. Oil and gas are 
making an increasing contribution in meeting world needs; 
serious doubts have arisen as to the possibility of producing 


4 coal in sufficient quantities to keep pace with requirements; and 


. 


in Western Europe the growth of available resources does not 
keep pace with consumption. 
These conditions justify the anxious search for new and 


_ abundant power sources competing in price with traditional ones 


and if possible involving reduced transportation expenses. 

All our hopes are now pinned on nuclear energy. At present 
we can rely on fission nuclear processes and on the existing 
uranium and thorium reserves. We can reasonably expect to 
succeed in the utilization of fusion nuclear phenomena, which 
would make available the practically inexhaustible reserves of 
heavy hydrogen. 


O.E.E.C. INVESTIGATION 
Studies of the supply of and demand for power in the various 
countries were discussed at the First International Conference on 
the Peaceful Uses of Atomic Energy in Geneva, August, 1955. 


_ In May, 1955, the Secretary-General of O.E.E.C., who had been 


collecting information and making proposals for close co-opera- 


_ tion in this field, submitted to the Council of Ministers a report 


on European power problems. As a result a commission of 
eight was set up, known as the Hartley Commission, entrusted 
with the task of collecting more data on power requirements and 
resources of member countries, together with related economic 
problems. They were also to make proposals to pave the way 
to a solution within the framework of European co-operation. 


Table 1 


ENERGY BALANCE OF O.E.E.C. COUNTRIES 


1955 
Base year 


Consumption 
Maximum .. ee 
Mean (taken as most 

probable) 


860 (118) 
840 (115) 


820 (112) 
645 
195 


1300 (178) 
1200 (165) 


1100 (151) 


730 (100) 


Probable indigenous 
output 
Probable import 


Import as percentage of 2376 


primary consumption 


Figures are given in million metric tons hard coal equivalent (m..t.e.c.). 
ee a (index figures in brackets 1955 = 100.) 


The report was published in May, 1956. The data start from 
1955, when the 17 member countries consumed 730 million 
equivalent tons of coal (m.t.e.c.), 20% imported and only 80% 
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home-produced. The development of consumption is predicted 
over 20 years, up to 1975 (see Table 1), and the mean consump- 
tion is considered the most probable value. 

The mean estimate of the Hartley Commission corresponds to 
an annual increase of 2-5°%, while the maximum estimate gives 
2:9%, which figure has already been exceeded during the last 
two years. These are the most debated figures and merit further 
consideration. 


WORLD TRENDS 


Table 2 gives data for world power production from 1870 to 
1955. During that period the average rate of annual increase 
was 3-287. From 1870 to 1900 it was 4-33 %, rising to 4:58 % 


Table 2 


WORLD PRODUCTION OF COMMERCIAL ENERGY 


Hydro- 


Natural electric 


m..t.e.c. 
218 
Gita 
1399 
3392 


Percentage 
| 2 


3 
3 
4 


(i) Primary energy in so far as it is commercially used, wood and 
waste fuels are excluded. 

(ii) Production is measured in million metric tons hard coal equiva- 
lent (m.t.e.c.). 1 metric ton = 0-984 ton. 


(iii) Conversion factors: 


Hard coal 7000 kcal/kg 12 600 B.Th.U./Ib 
Brown coal 2100 kcal/kg 3 780 B.Th.U./Ib 
Oil 10000 kcal/kg 18 000 B.Th.U./lb 
Natural gas 9.000 kcal/m3 1010B.Th.U./ft3 
Hydro power: 1870-1913 7000kcal/kWh 27800B.Th.U./kWh 
1955 2800kcal/kWh 11100B.Th.U./kWh 


between 1900 and 1913. Between 1913 and 1955, a period cover- 
ing two world wars and the 1930-31 crisis, the average annual 
rate fell to 2:13°%%. Assuming normal development, 4% for 
the 85 years from 1870 to 1955 would not be far from the truth. 

From these and other considerations it is felt that the con- 
sumption estimates of the Hartley Commission were too cautious. 

So far as supplies were concerned, the Hartley Commission 
considered that in 1975 only 80m.t.e.c. of the 1200m.t.e.c. 
required by O.E.E.C. countries would be supplied from nuclear 
fuels. When their report was published it was widely thought 
that the necessary imports till 1975 could be provided by oil 
and oil products. Some experts had misgivings. They had in 
mind the heavy investments required by the oil industry, the 
possible changes in coal price policy if coal-mining continued to 
decline, the necessity for paying for the majority of oil imports 
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through hard currencies and, finally, the dependence for oil 
supplies on a limited region of the politically unsettled Middle 
East. At the end of 1955 the ascertained oil reserves of the free 
world amounted to 24 billion tons, of which only 17% were 
located in the United States and 83% in the rest of the world. 
About four-fifths of the latter fraction belonged to the Middle 
East. 

Very soon after the publication of the Hartley report, anxiety 
about the regularity of supply was dramatically confirmed by 
the Suez Canal crisis, in the middle of 1956, which proved a 
very serious threat to world peace. 


EURATOM INVESTIGATION 


These circumstances enhanced the interest shown in the initia- 
tive taken by the Foreign Ministers of the countries par- 
ticipating in the Messina Conference of the European Coal and 
Steel Community, which aimed at the establishment of a joint 
agency for the closest co-operation in the field of the peaceful 
uses of atomic energy. As a result of this conference, in 
November, 1956, a committee of three experts was asked to 
compile a report on the amount of nuclear energy which could 
be produced in the near future in the six countries and the means 
to be employed for this purpose. Although a definite programme 
was difficult to establish, a target had to be indicated which might 
serve as a basis for such a programme. 

The experts submitted their report in May, 1957, shortly after 
the conclusion of the treaty for Euratom, which was signed in 
Rome on the 25th March, 1957. Their study was founded on 
the law of the increase in power demand as a function of time, 
and to this end the investigations already under way at the High 
Authority were utilized even before their publication. Increase 
in power demand and increase of the gross national production 
(g.n.p.) are correlated through suitable correlation coefficients, 
varying from country to country and also from one period under 
consideration to another. According to the prospects and con- 
ditions of general economic development in the Community’s 
countries, an annual rate of increase of gross national product 
of 4-3% was assumed during the first 10 years and of 3-:1% 
during the following 10 years. Due account was also taken of 
the increase in population which is assumed to be fully employed, 
of a possible further decrease in the number of hours worked per 
year, and of a substantial increase in productivity. The results 
obtained for the total energy requirements are scheduled in 
Table 3. 

Taking the total requirements of the six countries in 1955 as 
100, we obtain an index of 183 for 1975. This is to be compared 
with the two figures of 165 and 178 which correspond, respec- 
tively, to the mean and the maximum forecasts of the O.E.E.C. 
Committee. 

The index 183 involves an average annual rate of increase 
equal to 3:1%, which seems to be more than justified, as com- 
pared with the value deduced from the historical trend of world 
consumption, which, as suggested above, might be fixed at 
around 4%. 

The gradually increasing production of primary energy in the 
Euratom countries was evaluated by a mixed committee entrusted 
with the task of studying the structure and trends of their energy 
economy. They formulated an optimistic estimate and a con- 
servative one, between which they located the evaluation of 
probable domestic production, which was utilized for further 
calculations. The difference between the two limiting evaluations 
depends essentially on the estimated amount of coal mined, for 
which the following assumptions were made: 

(a) That 30 new pits will start operating. 


(6) That the output per man and per shift may gradually increase 
by 30% during the 20 years. 
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Table 3 


ToTAL ENERGY REQUIREMENTS OF THE EURATOM COUNTRIES 


German 
Federal 
Republic* 


Six f 
countries 


Nether- 
lands 


Luxem- 


Belgium bourg 


Gross national production 


155 139 | 149 1163 {115 |138 i bsy) 


65-75 
(1965 = 100) | 137-5 | 127 | 134 |142-5|110-6| 126-5] 135°5 


Ratio of changes in energy requirements to changes in g.n.p. 
0-79 
0-835) 


0-90 
1-00 


1955-65 
1965-75 


0-70 | 0-70 | 0-90 | 1-00 
0-70 | 0-75 | 0-95 | 1-05 


Energy requirement index 


0:95 
0-95 


1955-65 
(1955 = 100) 
1965-75 
(1965 = 100) 


138-5 
126-2 


127-3 | 144-1 | 163-0 | 114-2 | 134-2 | 141-3 
120-2 | 132-2 | 144-6 | 110-1 | 126-5 | 129-8 


Energy requirements t{ 
(Estimated apparent consumption, m.t.e.c.) 


* Since the 1st January, 1957, the Saar Territory belongs to the Federal Republic; 
1955 figures for the Saar have been added to the figures of the Federal Republic. 

+ The figures in the above Table are slightly different from the data contained in 
the Mixed Committee’s report. Apart from revisions subsequently supplied by 
individual countries, the differences are due to the fact that in this calculation the 
production of hydro-electric power over the whole period has been computed on the 
basis of an equivalence of 400 grammes hard-coal equivalent per kWh. This corre- 
sponds to the specific fuel consumption prevalent in 1956 in modern thermal power 
stations 

+ Ficacee for 1960 and 1970 are interpolated. 


Table 4 


PRODUCTION OF PRIMARY ENERGY IN THE EURATOM COUNTRIES 
(m.t.e.c.) 


Optimistic estimate 


243-3 262 
32 


Hard coal 
Brown coal .. 
Oilt-.. os 
Natural gas .. 
Hydro-electricity 


285 
40 


40 
35 


315-7> | 353 


Conservative estimate 


Total 


Hard coal 
Brown coal . 
Oil “ae Ne 
Natural gas .. 
Hydro-electricity 


45 
36 
50 


393 


~ 369 


S15 27 


Estimate of probable indigenous production 


Total 335 


Hard coal 243-3 
Brown coal .. ue 28°5 
Oily ie a 7:5 
Natural gas . ey 
Hydro-electricity 30:9 


Si 7/ 


254 
32 
13 
10 
35 


344 


265 
40 
19 
15 
45 


384 


279 
45 
24 
18 
50 


416 
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The optimistic estimate assumes that, in spite of the tendency 
to reduce the working week and to lengthen annual holidays, 
the number of production days per year will not go below 300. 
The conservative estimate assumes that the trend of future pro- 
duction will be reflected in a reduction to 260 working days 
per year. 

It has been assumed that the maximum possible use will be 
made of all existing deposits of lignite, the extra production being 
used as fuel in power plants. For hydro-electric resources the 
highest possible exploitation has been assumed. 

_One of our greatest doubts concerned indigenous output of 
oil and natural gas, and we have therefore simply accepted the 
predictions of individual countries. The contribution of the oil 
deposits recently discovered in. the Sahara is estimated at 
10 m.t.e.c. in 1960 and 40 m.t.e.c. in 1965, but this was included 
in the imports of the six countries. 

All the data collected are shown in Table 4, and those corre- 
sponding to the estimated probable indigenous production are 
used in order to calculate, by difference, the probable tendency 
of imports (see Table 5). 


Table 5 


PROBABLE TREND OF NET IMPORTS 


1960 1965, 


566 
384 


182 
3252 


Estimated consumption, 
m.t.e.c. 


Indigenous production, 
m.t.e.c. 

Net imports, m.t.e.c. .. 

Net imports, % 


Imports reached 84m.t.e.c. in 1955 and would increase to 
282 m.t.e.c. in 1975, which means that they would increase from 
21% of the estimated total consumption to 38-6% at the end of 
the 20 years. In the Hartley report, they would increase from 
20% to 37% on the basis of the mean estimate of consumption 
for the 17 member countries of the O.E.E.C. 

The experts of Euratom have been concerned about the 
tremendous financial charge which such imports would involve 
and about the very heavy pressure that they would put on the 
balance of foreign trade of the six member countries. It would 
be difficult indeed to admit that their exports could increase by 
235% during the 20 years under consideration, i.e. that they 
could reach the same expected percentage increase of power 
imports, assuming no rise in prices. 


PROPOSED EURATOM NUCLEAR DEVELOPMENTS 


A target was urgently needed that could bring the maximum 
improvement in the situation and could be attained through a 
programme to be started as soon as possible in the six countries. 

The possibility of a rapid start was supported by the favourable 
results of British experience after the successful operation of the 
Calder Hall plants since October, 1956. Such unquestionable 
success had induced the British Government to formulate a new 
programme in addition to that outlined by the White Paper, 
so as to bring installed nuclear power to 5-6 million kW by 1965. 
This programme had started in 1955, whereas a programme of 
the six Euratom countries, apart from some minor French 
achievements already under way, could not start before the end 


_ of 1958. 


Experience teaches that the erection of a big nuclear plant 
takes about four years, and therefore the first appreciable output 
in the Community’s countries might be expected only in 1963. 
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A reasonable target could be fixed with the aim of holding 
imports at the level they would have reached at that date, i.e. 
at 165 m.t.e.c., according to the above forecasts (see Fig. ie 


300 


200 


ENERGY, mt.e.c. 


100 


te) 
1955 1960 1965 1970 1975 


Fig. 1.—Energy imports of the six countries. 


(a) Net imports without nuclear power, 
(6) Net imports with nuclear power. 
(c) Nuclear target of 15 million kW. 


The only immediate possible application of nuclear energy is 
limited to the production of electricity in big power stations, and 
it was therefore a question of estimating whether the proposed 
amount of production could be disposed of in this field. 

Table 6 gives an analysis of the requirement data into 
specific and non-specific parts. Electrical power, as a secondary 


Table 6 


TYPES OF ENERGY REQUIRED FOR SPECIFIC CONSUMER NEEDS 


Specific requirements: 
Electricity . . 
Hard coal.. 
Oil.. ib ts 
Non-specific require- 
ments 


Total requirements 


form of power, represents a specific requirement for the Euratom 
countries; but over half of it is produced by ‘other thermal’ 
stations, i.e. other than hydro, lignite or blast-furnace gas 
stations, the primary energy consumption of which is non- 
specific, and in this section nuclear power stations can find their 
place. 

Table 7 includes the data on the net capacity and net annual 
output pertaining to different types of power stations. The 
distribution is made in accordance with information supplied 
by competent authories in individual countries. Nuclear out- 
puts could be used only for the last group, namely other types 
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Table 7 


Net CAPACITY AND NeT ANNUAL OUTPUT OF DIFFERENT TYPES OF POWER STATIONS 


1955 
Net capacity, electrical MW: 
Hydro-electric .. 19 443 
Blast furnace gas 1514 
Lignite .. ate 3678 
Other thermal* 26251 
Total... 50 886 
Net output, TWh/year: 
Hydro-electric .. a Ass i 73 
Blast furnace gas a Ba AB 8 
Lignite .. a ae ae ees 20 
Other thermal* ne ae be 90 
Total .. 191 
Fuel consumption, m.t.e.c. year: 
Other thermal .. me ae oe 48 


1960 1965 1970 1975 
23 800 30040 36030 43 230 
1850 2130 2.450 2 800 
5000 7500 9700 12.000 
37900 52 800 73 400 96 500 
68 550 92 470 121580 154530 

86 107 124 139 

9 11 13 15 

30 45 38 72 

141 208 302 410 

266 371 497 636 

70 * 93 130 164 


* This item includes pit-head power plants and co-operative stations of the mining industry which are based on low-grade coal. 
At the end of 1955 their net capacity amounted to 4970 electrical MW and their output 25 TWh. 


of thermal plants, requiring a fuel consumption of 48 m.t.e.c. in 
1955, which is bound to increase to 164m.t.e.c. in 1975. 
Further details of capacities, outputs, load factors and fuel 
consumption of such plants, are given in Table 8 for 1960-67. 
Fig. 2 shows the capacities of thermal electricity plants which 
should start operating every year. A distinction is made between 
the replacements of old plants and effective new capacities. The 
shaded area corresponds to the place which nuclear plants might 
be given up to 1967 for a total capacity of 15 million kW. By 
then, as shown by Table 9, the total power imports should reach 


8000 


(0) 
(2) 
2) 
° 


4000 


2000 


CAPACITY, MW/YEAR 


O — : 
1960 1965 1975 


1970 


Fig. 2.—Capacity of thermal electricity plant brought into service 
each year. 


207m.t.e.c.; the installation of nuclear plants would release 
43 m.t.e.c. of conventional fuels and 61 m.t.e.c. would still be 
required as coal or fuel oil. 

According to the expectations of the Hartley report, the 
16 member countries of O.E.E.C., except Great Britain, should 
have erected by the end of 1975 nuclear plants involving the 
release of 40 m.t.e.c. as conventional fuels. 

The target of Euratom is to achieve these results eight years 
earlier through the efforts of the Euratom countries alone. The 
target is an ambitious one, but it is justified remembering that 
since the publication of the O.E.E.C. report the British pro- 
gramme of the White Paper has been increased threefold, from 
2 to 6 million kW of power installed. 


Table 8 


PREDICTIONS OF CAPACITY AND OutTPpuT 1960-67 


a ee Load-factor | Output Fuel consumption 


TWh/year 


hours/year 
3720 
3775 
3 820 
3 865 
3905 
3940 
3 980 
4015 


m.t.e.c./year 


Table 9 


Net IMPORTS AND FUEL CONSUMPTION 


End of | 
1965 


End of 
1960 


m.t.e.c./year 


Net energy imports of six countries: 


Without nuclear power 
With nuclear power : a 
Fuel released by nuclear plant we 23 
Fuel burnt in conventional plants .. 70 


187 


COMPARISON WITH BRITISH PROGRAMME 
The Euratom target for 1967 is two and a half times as high 


as the British one, while the ratio of population is 3 : 1 and that 


of electricity output is 2-8 : 1. 


The six countries are starting from a far less favourable © 
position than Great Britain in the matter of needed imports 


(23% instead of 12%). 


In order to judge the feasibility of the programme demanded © 


: 
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by the proposed target, we had to consider some further possi- 
bilities, namely: 


(a) Securing a supply of nuclear fuel to the amount required. 

(6) Erecting the new plants within the expected time and without 
an excessive disbursement of hard currency, which might cancel the 
expected Improvement in the balance of payments. 

(c) Feeding into the existing network the large amounts of 


nuclear energy, which are to be produced with a high load factor, 
for economic reasons. 


All these points have been examined carefully, as far as 
possible, by the committee of experts. 

Our exchanges of views with the Canadian, British and 
American authorities proved that the availability of nuclear 
fuels is not to be considered as a limiting factor. This was clearly 
stated in the Joint Communiqué issued on the 8th February, 1957, 
by the Department of State, the President of the Atomic Energy 
Commission of the United States, and the Euratom Committee. 
The further developments in the establishment of the Inter- 
national Atomic Energy Agency (I.A.E.A.) under the control of 
the United Nations, as well as the agreements under way in 
favour of Euratom, may be considered as evidence of an excellent 


_ Spirit of co-operation promoted with generous assistance from 


the most advanced countries. This represents the best guarantee 
that the target fixed for Euratom will be attained, while waiting 


_ for the day when nuclear fuels may be regularly on the market. 


The benefits connected with the replacement of traditional by 
nuclear fuels would be annulled if we had to purchase abroad 
the plant we require for the accomplishment of our programme. 

At present, and for years to come, the capital cost of nuclear 
plants approaches that of hydro-electric power stations, and 
therefore, should we have to ensure the service of interests and 


- amortizations through foreign currency, the balance of payments 


power. 


would by no means be improved and we might even run the risk 
of making our position worse. 

We therefore had to make sure about the possibility of carrying 
out most of our construction within the territories of the Com- 
munity while depending on foreign supplies only for small 
amounts. 

The investigations show that, by taking suitable and timely 
steps, the ‘content of importation’ may be limited initially to 
about 50°% and reduced to a very low level within the following 
years, when the annual volume of construction would be 
gradually increasing. Foreign currency involved in the planned 
investments would be about 20%, as an average for the 10-year 
period under consideration. 

The capacities of the existing national industries involved in 
the programme seem to be sufficient on the basis of the following 
comparative estimate. 

The British industries have stated that within the next 10 years 
they would be in a position to supply the 6 million kW for the 
national expanded programme, and, furthermore, that they 
might export all the machinery required for an equal amount of 
This means a total producing capacity of about 
12 million kW, in 10 years. 

According to an investigation which the O.E.E.C. carried out 
in Western Europe, the mechanical and _ electrotechnical 
industries of the six Euratom countries have a total capacity 
exceeding by 60% that of the corresponding British industries. 
Therefore, through an effort similar to that of Great Britain, 
our national industries could supply within 10 years the equip- 


ment needed for nuclear power stations producing a total of 
16 million kW. 

This is a rough estimate which ought to be improved and 
integrated to determine the steps to be taken in due time to 
enable our industries to produce even the most specialized 
components, e.g. pressure shells, or special materials such as 
nuclear-grade graphite; but these problems will not raise insur- 
mountable difficulties. 

The production and reprocessing of nuclear fuels will be the 
next step, and this is a field where the best results can be achieved 
through the closest co-operation between member countries, 
which will have to create common plants and thus reach the 
lowest possible costs. 

We discussed at length the possibility of economically feeding 
the power we could obtain into the existing networks. Nuclear 
plants, characterized by a high capital cost and a low operating 
cost, will be economical only when they can operate at a high 
load factor. All economic estimates attempted so far are based 
on the assumption that this factor may reach 80°%, corresponding 
to 7000 hours of operation per year. According to this assump- 
tion, the output of electrical power from the 15 million kW of 
nuclear power installed in 1967 would amount to 25 % of the total 
requirements by that time. The British programme would lead to 
the production by nuclear systems of 30% of the total require- 
ments by 1965. In neither case can we hide the difficulties which 
may arise before such high percentages can find their place as 
base loads in the so-called monotonous diagram of total loads. 

The preliminary study promises well for the feasibility of the 
programme, but further investigations are needed to establish 
the most satisfactory breakdown into successive steps and to find 
the best way of handling the energy. Some supplementary 
recourse to storage, with the extension of the practice of pump- 
ing and the construction of small reservoirs to meet daily peak- 
loads, will be needed. 


CONCLUSION 


The Euratom committee attempted to go deeper into the study 
of costs by taking advantage of all available data and all addi- 
tional information which were largely supplied by the authorities 
and manufacturers of the United States, Great Britain and 
Canada. We may conclude, on this basis, that nuclear energy is 
about to become competitive with traditional energy, when con- 
sidering the marginal production through imported fuels. To 
supplement the available data and to clarify some points which 
are still obscure, we fixed the end of 1958 as a reasonable term 
for final decisions about the plants to be erected first. 

As regards Italy, an agreement has been reached between the 
International Bank for Reconstruction and Development and the 
Italian Government with a view to collating the offers of the 
manufacturers and evaluating them critically, in order to reach 
the most reasonable decisions on the choice to be made. The 
U.K.A.E.A., the U.S.A.E.C. and Atomic Energy of Canada, 
Ltd., offered their widest assistance for this study. 

An extraordinary spirit of co-operation is growing in all 
countries of the free world, aiming at a more rapid application 
of nuclear energy for pacific uses. 

Such a spirit of co-operation calls for all our admiration and 
gratitude, and we feel sure that it will set an example for the way 
we have to follow to achieve our peaceful aims in every field of 


human activity. 
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A NEW METHOD OF DETERMINING ROTOR LEAKAGE REACTANCE AND 
RESISTANCE OF A THREE-PHASE INDUCTION MOTOR 


By Prof. M. V. DESHPANDE, B.E., M.S., Member, and T. R. SUBRAHMANYAN, B.E., M.E., Student. 
(The paper was first received 17th March, and in revised form 23rd July, 1958.) 


SUMMARY 


The paper develops a new method of determining the rotor leakage 
reactance and resistance of a 3-phase induction motor. Stationary 
flux distribution of constant magnitude is produced in the air-gap of 
the machine by supplying direct current to the stator windings. The 
rotor is driven at various slip speeds simulating the conditions of a 
3-phase induction motor. The power input to the rotor is measured. 
The flux distribution in the stator teeth per pole pitch is measured by 
use of search coils and a ballistic galvanometer when d.c. excitation to 
all three phases of the stator is suddenly removed. The voltage induced 
per phase in the stator due to this change of flux linkage is calculated. 
An expression is developed for rotor leakage reactance and resistance. 

The theory is proved by experimental work. The performance is 
calculated using the rotor constants measured by this method and is 
compared with that obtained by no-load and locked-rotor tests and 
by an actual load test. A comparison of results justifies the deter- 
mination of rotor constants by this new method. 


LIST OF SYMBOLS 


b = Susceptance. 
B = Flux density. 
C,, = Maximum value of nth harmonic. 
Vpn = Phase voltage. 
g = Conductance. 
Tica Lach» Idee = Equivalent direct currents for phases a, b and c. 
In = R.M.S. value of the no-load phase current. 
Tonmax = Maximum value of the nth harmonic of the 
no-load phase current. 
1 = Length of conductor. 
m, = Number of stator phases. 
n = Rotor speed, r.p.m. 
nN, = Synchronous speed, r.p.m. 
P = Rotor input, watts. 
rz = Rotor resistance per phase referred to stator. 
s = Fractional slip. 
v = Velocity of conductor. 


x3 = Rotor standstill leakage reactance referred to 
stator. 
«, = Angle of lag of the nth harmonic with respect 


to the fundamental. 


(1) INTRODUCTION 


The general method of obtaining the performance charac- 
teristics of a polyphase induction motor is to perform a load 
test. Otherwise, the standard method is to determine the 
equivalent circuit from the no-load and locked-rotor tests on 
the motor and then to calculate the performance. For an 
accurate determination of the equivalent circuit, it is necessary 
to determine accurately the stator and rotor constants referred to 
the stator. The no-load test gives the core, windage and fric- 
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tion losses, while the locked-rotor test gives the total impedance — 


of the induction motor. This is separated into the total leakage 
reactance and total resistance. In the case of a slip-ring machine, 
the total resistance obtained from the locked-rotor test is divided 
into stator resistance and rotor resistance in the ratio of their 
respective d.c. resistances. In the case of a squirrel-cage 
machine, the stator a.c. resistance is obtained by multiplying the 
d.c. resistance by a factor which varies from 1-2 to 1-6 to allow 
for skin effect. The rotor resistance is obtained by subtracting 
this stator resistance from the total resistance. In the case of 
total leakage reactance, the division is made half to the stator 
and half to the rotor; alternatively it is divided in the ratio of 
their respective resistances. The paper develops a more accurate 
method of dividing the equivalent leakage reactance and 
resistance. __ 


(2) PRINCIPLE OF MEASUREMENT OF ROTOR LEAKAGE 
REACTANCE AND RESISTANCE 
The method is based on the measurement of power input to 
the rotor when driven in a stationary flux of the same magnitude 
as the rotating flux, thus simulating the conditions of running of 
an induction motor, and on the measurement of flux per pole in 
the air-gap by the use of a search coil under each tooth. 


(2.1) Production of Stationary Flux Distribution in Air-Gap 


The stationary flux distribution in the air-gap is obtained by 
connecting two of the stator terminals together and connecting 
these and the other stator terminal across a d.c. supply. A 
direct current Ij, = (4/2)Jp is supplied when the stator is con- 
nected in star, and J, = 1-5(4/2)J when the stator is delta con- 
nected, where J is the no-load phase current. If the waveshape 
of the current is purely sinusoidal, this will give the correct station- 
ary flux distribution to simulate the a.c. condition when the instan- 
taneous current in one phase is a maximum and the currents in 
the two other phases are negative half-maximum. 

If the waveshape of the no-load phase current with a.c. opera- 
tion is not sinusoidal, the waveshape of the phase current is 
obtained and the various harmonics are calculated. The equiva- 
lent direct current is calculated for each harmonic, and the total 
equivalent direct current is calculated. The effective direct 


current required in each phase to produce the same flux distribu- 
tion will be: 


Luca = C1 + C3.cos a3 + Cycosas +...+ C, cosa, +... 5 


(i) 
27 27 
thins = lo cos 3 + Cr cos (= + 27) 


+ C13 COS (2 oF a3) SE als , =e E cos 6 ae os 


Air 
sie Cy Cos i. + a1) a= ae | 


+ (C; COS &3 + Co COS X -b C15 COS 15 Sees 2) 


| 


(2) 
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27 
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+ a1) +... 


+ (C3-cos %3 + Cy Cos a% + C5 cos a5 +...) 


These equations are derived in Appendix 10.1. 


ae C13 COs (= 


+ Ci, cos eS 


(3) 


(2.2) Simulation of Conditions of Running as an Induction 
Motor 


If the rotor is stationary, there is no relative motion between 


the rotor conductors and the stationary air-gap flux produced as 


described in Section 2.1. Therefore a stationary rotor with a 
stationary flux distribution of constant magnitude in the air-gap 
corresponds to a synchronously-running rotor with synchro- 
nously-rotating flux of constant magnitude, and a rotor driven 
in the stationary flux by an external motor at a speed n is equi- 
valent to a rotor running at slip s with a rotating flux of the 
same magnitude, where 


She er gs, Sea ae 


(4) 


The main difference between normal operation and this method 
is that here no torque which can be used as a mechanical output 
is developed in the rotor. 

To simulate the actual conditions, the magnitude and wave- 
shape of the alternating current taken by the motor under normal 
operation with a slip s must be known. From this the equivalent 
d.c. excitation can be calculated and the stator phases supplied 
with the appropriate currents. 


(2.3) Measurement of Flux per Pole 


A search coil is introduced at the root of each tooth, the ends 
of the coils are connected in turn to a ballistic galvanometer, 
and d.c. excitation to the three phases is suddenly removed. 
The ballistic galvanometer having been calibrated with the help 
of the Hibbert magnetic standard, the magnitude of the change 
of flux linkages, and hence the change in flux, can be calculated. 
Neglecting the residual flux in the teeth, this will be the flux 
existing in the teeth with d.c. excitation on. The flux in all the 
teeth is measured in this way. Then assuming that the flux is 
uniformly distributed in each tooth, and neglecting the flux 
passing through the bottom of the slot, the distribution at the 
root of the teeth can be obtained. This will be the same as the 
air-gap flux distribution, if the slot leakage is neglected. From 
this distribution, the voltage induced in the stator per phase can 
be calculated. 

(2.4) Theory of the New Method 


The stator is supplied with equivalent direct currents, and by 
rotating the rotor at a speed m = sn,, the working conditions at 
slip s are simulated. Knowing the losses in the driving motor 
and the friction and windage loss of the induction motor at 
speed n, the input to the induction-motor rotor is calculated. 

The input power to the rotor is made up of the rotor I?R loss 
and the rotor hysteresis and eddy-current losses. In the normal 
operation of induction motors, the slip is low (less than 10%) 
and at the slip frequency iron losses can be neglected. 

The rotor J?R losses, P, at a speed corresponding to slip s;, 


and P, at a speed corresponding to slip s2, are related as follows: 


(5) 
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2 
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, 
X. x2 
2 
ae mysiViax, mast} (7) 
a*x5? ae SqX_? x(a? + St) 
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mas? 
where b’ = (9) 


 -P,(a? + 83)" 


The voltage induced in the stator per phase, V;, can be 
calculated knowing the flux distribution per pole, and the value 
of r, and x3 can then be calculated. 


(3) DETAILS OF INDUCTION MOTOR 


The machine is a 230-volt 3-phase squirrel-cage induction 
motor, normally delta connected, and designed to develop 3h.p. 
as a 4-pole machine with an efficiency of 80°% and a power 
factor of 85%. All 36 coils in the stator are brought out to a 
terminal board. Search coils (5 turns of No. 25 s.w.g.) are intro- 
duced at the root of each tooth, and their terminals are brought 
out to a separate board. A d.c. motor with dynamometer 
(220 volts, 10h.p., 1500r.p.m., compound wound) was used to 
drive the rotor of the induction motor. 


(4) TESTS AND CALCULATIONS 


The following tests and calculations were carried out: 

(a) Core and windage loss of the d.c. machine for the various 
speeds and excitations. 

(b) Friction and windage loss of the induction motor at various 
speeds. 

(c) Variable-voltage test (no-load) on the induction motor. 

(d) Locked-rotor test on the induction motor. 

(e) Measurement of stator resistance per phase of the induc- 
tion motor. 

(f) Load test on the induction motor. The load was adjusted 
by varying the excitation of the d.c. machine so that it worked 
as a generator connected back to the d.c. mains. 

(g) Determination of the waveshape of the phase current of 
the induction motor at various speeds. 

(h) Harmonic analysis of the wave. 
was used for the analysis. 

(i) Determination of equivalent excitation: Using eqns. (1), 
(2) and (3), for 1450r.p.m. or 3:3% slip, the equivalent d.c. 
excitations are: Ij. =2:9lamp; Igy = — 1°379amp; Lace 
= — 1:378amp. For 1400r.p.m. or 6-67 % slip, the equivalent 
d.c. excitations are: Ijq = 4:0175amp; J;., = — 1:88amp; 
Ice = — 2°08 amp. 

(j) Calibration of ballistic galvanometer with a Hibbert 
magnetic standard. 

(k) Determination of rotor input and flux distribution by the 
new method: 

The direct currents flowing through phases a, b and c of the 
stator of the induction motor are adjusted to the values Ijcq, 
Licey and Ig, calculated for the slip. The speed of the d.c. 
machine running as a motor is adjusted to the required slip 
speed. Using the ballistic galvanometer connected to all the 
search coils in turn, the complete flux distribution is obtained. 
The experiment is repeated for various slips. The rotor input is 
measured at different slips. Ats, = 0:0667, P; = 91-40 watts; 
at s, = 0-0333, P, = 22:85 watts. 
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(J) Determination of voltage induced per phase in the stator: 
The ballistic galvanometer throws obtained in (k) are expressed 
in webers. Assuming that the flux is distributed uniformly in 
each tooth, and knowing the length of each tooth, the flux per 
unit length of the tooth, and hence the flux distribution over the 


xq m4 xo 


Fig. 1.—Equivalent circuit. 
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pole pitch is determined. The flux will be rotating at synchro- 


nous speed when the motor is working normally on a.c. mains. _ 


Using the relation, e = Blv, the voltage induced in a conductor 
cutting the flux at a velocity corresponding to the synchronous 
speed is calculated. Considering the distribution of the winding, 
the voltage induced in one coil, in a coil group, and in each phase 
is calculated. V3, is plotted and its r.m.s. value is calculated. 
This turned out to be 213 volts. 

(m) Determination of rz and x3: . 

Knowing the values of P; and P, at slips s; and s, from 
eqn. (6) the value of a was obtained as 0-943. From eqn. (9), 
b’ = 1-542 x 10-4. From egn. (8), 


Ky = PVPS 542 1 et = one 


and ry = axz = 0-943 x 7-00 = 6-6 ohms 


STATOR PHASE CURRENT, AMP 


OUTPUT, h.p. 


(C) 


EFFICIENCY, 


OUTPUT, h.p. 
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Fig. 2.—Motor characteristics. 


© Load test readings. 


(a) Torque/slip. 
(6) Slip/output. 


—:—: No-load and locked-rotor test, a = x. 


New method, x3 = 1:34x;. 


(c) Stator-phase-current/output. 
(d) Power factor/output. 
(e) Efficiency/output. 


(5) RESULTS 
The equivalent circuit is shown in Fig. 1. The equivalent- 


circuit constants obtained by the new method and by no-load 
and locked-rotor tests are shown in Table 1. 


Table 1 
EQUIVALENT-CIRCUIT CONSTANTS BY VARIOUS METHODS 


No-load and 


locked-rotor tests New method 


The performance of the induction motor is calculated by the 
following methods: 

(a) Equivalent circuit using constants obtained by new method. 

(6) Equivalent circuit by no-load and locked-rotor tests. 

(c) Load test. 

A comparison of performance obtained by all three methods 
is shown in Fig. 2. 


(6) CONCLUSIONS 
It can be seen that the performance characteristics calculated 


by the new method lie very near to the actual load-test results. 


The performance calculated by no-load and locked-rotor tests 
give optimistic results. It is obvious that the method of dividing 
the total reactance equally between the stator and rotor is not 
very accurate because of the difference in winding structure of the 
stator and rotor, especially in the case of squirrel-cage machines. 
The method developed here, however, serves to allocate the 
reactances between stator and rotor more accurately. 

In the new method the flux distribution measured is at the 
root of the stator teeth. This flux distribution is used in cal- 
culating the voltage induced in the stator. This is possible 
because of the following assumptions: 

(a) The stator slot leakage flux and zigzag leakage flux are 
small in comparison with the mutual flux, and hence can be 
neglected. 

(b) The effects of distortion on the air-gap flux waveshape due 
to fringing, zigzag and belt leakage can be neglected. 

(c) The fundamental current in an induction motor produces 
a fundamental m.m.f. rotating at synchronous speed and several 
harmonic m.m.f.’s rotating at —+, 4, etc., of the synchronous 
speed. Also the mth harmonic current produces fields rotating 
at n, —n/5, n/7, etc., times synchronous speed. When the stator 
windings are supplied with d.c., all these harmonic m.m.f.’s exist 
but are stationary with respect to the stator. 

In an induction motor-running at slip s, a field rotating at 
speed kn, cuts the rotor at a speed (k — 1 + 5)n,. If direct 
current is supplied to the stator, and the rotor turns at sv,, 
then the rotor cuts all the harmonic components of the m.m.f. 
wave at the same speed, sz,. Hence conditions corresponding 
to that of an induction motor running at slip s are simulated 
correctly only for the fundamental m.m.f. with a speed Be. it 
is expected that the error introduced due to this will be small 
and similar to that of differential leakage. 

In normal well-designed induction motors the stator-slot 
leakage is about 1-2 % and the differential leakage is about 2-3 % 
of the mutual flux. In the machine designed and tested the 


values obtained by calculation are: 
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hm: 
Reactance of stator slot 0- 995 
Differential reactance . 2-090 
Magnetizing reactance . . 109 


so that the above assumptions are justified. Further, the actual 
air-gap flux is less than the flux behind the stator teeth by the 
amount of the various stator leakages. This is to some extent 
offset by the fact that the flux measured by the new method does 
not include the radial flux passing through the depth of the 
stator slots. By calculating the permeance of the teeth and 
slots across their depth, it is found that the flux passing radially 
along the depth of a slot is 5-919 x 10->Wb, which is about 
1:5% of the flux passing through the teeth (349-35 x 10-5Wb). 

This new method of finding the reactance division between 
stator and rotor is laborious and at present of academic intezest. 
It is hoped that such a study may lead to a more accurate and 
reasonable division of the total reactance between stator and 
rotor. 
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(9) APPENDICES 
(9.1) Calculation of Equivalent D.C. Excitation 
No-load phase current waveshape: 
DPSS hae eae Cele (A) 


In most cases of electromagnetic induction without a com- 
mutator, there is no d.c. component and even harmonics are 
absent. 


Therefore y = A, sint + A3sin3¢ + A,sin5¢+... 
+B, cos t +B; cos 37 -- B; cos Si =... 
where the peak value of the nth harmonic is 
Ce ANAS See cece be at a utite RED 


and the angle by which the mth harmonic lags the fundamental 
is given by 


1 B. 
oe | tan (- =) aaa (12) 
Per-unit content of the nth harmonic: 
_Gr 
Pye Ge RS Sek BM, ad 3) 
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The r.m.s. value of the no-load phase current will be | 
i 


Ib max + 183 max + 185 max _ 1 1/2 
a an cig eee 


| 
from which the maximum value of the fundamental component 
will be 


| 
C= WD +++. WP... 5) 


Knowing C,, the maximum values of all the harmonics and their 
phase angles with respect to the fundamental can be determined. — 
The effective direct currents required in each phase to produce — 
the same flux distribution will be those given in eqns. (1)-(3). 


(9.2) Details of Induction Motor 


230 volts, 3-phase, 50c/s. Line current, 8-8amp. Phase 
current, 5‘O9amp. When delta connected for 4-pole operation, 
output is 3h.p. All winding terminals are brought out to a 
terminal board for multipole operation if required. 


Design Calculations 


Total resistance per phase 8-26 ohms 
Total reactance per phase 11-55 ohms 
Short-circuit power factor 0-658 
Friction and windage loss 45 watts 
Short-circuit current 17 amp 
No-load stator J2R loss . 49-2 watts 


Magnetizing current 


load current i 
Active component of no-load current .. 0-415amp 
No-load current .. : ie 2-23 amp 
No-load power factor 0-186 
Full-load current 8-8amp 
Full-load slip 13-75% 
Full-load torque .. 13 lb-ft 


2:19amp = 44% of full- 


1.316.925 : 621.315.052.63 : 621.382 
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THE APPLICATION OF TRANSISTORS TO PHASE-COMPARISON CARRIER 


PROTECTION 
By COLIN ADAMSON, M.Sc.(Eng.), Associate Member, and E. A. TALKHAN, B.Sc., Ph.D. 


(The paper was first received Tth July, and in revised form 9th October, 1958.) 


SUMMARY 
The paper shows the potentialities of the junction transistor when 
applied to phase-comparison carrier protection, and the flexibility of 
transistor circuits for the effective perfofmance of a number of different 
Telaying functions. High-frequency high-power transistors, which are 
now available, make it possible to obtain the required level of carrier 
output power. 

The paper also deals with the general aspects of a phase-comparison 
Carrier system of protection, some appraisal being necessary because 
of the speed of operation and general performance of the equipment 

described. The most important of these aspects are the choice of the 

relaying quantities, and the effect of load current on the phase repre- 
senting quantity, with its consequent effect on the minimum possible 
settings for earth faults. A sequence network is also described which 
produces all the relaying quantities simultaneously, using only three 
main current transformers. This sequence network has two important 
advantages: first, it does not impose any limitations on the relaying 
impedance, and secondly, means are provided for very easy variation 
of the proportions of the combined positive- and negative-sequence 
component output. The effect on the relaying system of a d.c. 
transient component in the fault current is analysed; a filter network is 
used to eliminate the d.c. transient and harmonic components, thereby 
producing uniform performance under differing fault conditions. 

Two successive equipments have been built and tested under steady- 
state and transient conditions. The transient test results of the final 
equipment are given. Since the transistor is a temperature-sensitive 
device, exhaustive temperature tests have been carried out, and the 
results are summarized. 


INTRODUCTION 


The use of power-line carrier for communication purposes 
originated immediately after the 1914-18 War,! but it was not 
applied to protection until 1928, when A. S. Fitzgerald described 
his phase-comparison system.” The case for carrier protection 
is well established and has not changed greatly from the days 
of Fitzgerald. Viewed broadly, the situation is that, with long 
lines, the transference of information from one end to the other 
is uneconomic for a unit type of protection if conventional pilot 
wires are used and it is possible to justify the cost and com- 
plexity of transferring information by means of carrier channel(s) 
on the power conductors. Fitzgerald’s system encountered 
severe practical difficulties; its successor was used for earth- 
fault protection only on a 200kV line, the application being 
described by Stuffacher and Dolittle? in 1930. The principle 
of comparing phase by means of carrier was discarded after this 
in favour of directional-carrier (and later, more elaborate 
distance-carrier) schemes, only to be resuscitated in modern form 
towards the end of the 1939-45 War. On both sides of the 
Atlantic at this time, schemes were produced, e.g. those of 
Halman et al.,4 Leyburn and Lackey*® and McConnell et al.® 

The expense and complexity of power-supply arrangements 
have always been a drawback with carrier equipment, and the 
idea of replacing normal electronic arrangements by transistors 
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naturally commands attention; the advantages of the transistor 
in this respect have already been discussed. easter and 
Scheneman’ have described equipment which uses a transis- 
torized receiver and transmitter but with the normal functional 
elements of the carrier protection unchanged. 

The problems of applying transistors to phase-comparison 
carrier protection have been investigated in the Power Systems 
Laboratory of the Manchester College of Science and Tech- 
nology, and two successive sets of equipment have now been 
built and tested. It is the object of the paper to describe the 
principles involved in using transistors in this application, the 
functional arrangement of the complete equipment and the test 
results. There is no question of taking normal electronic carrier 
equipment and replacing it with transistor equivalents; sub- 
stantial economy in function is possible quite apart from the 
inherent advantages associated with power drain, h.t. and heater 
supplies, and the final equipment has the following features of 
major interest: 

(a) It is wholly electronic from the starting circuit onwards, with 
the exception of the final slave relay, and consists of a number of 
separate functional units each arranged as a plug-in sub-assembly. 
In particular, electromagnetic relay arrangements for control of 
carrier starting and also of tripping, which are a normal feature of 
valve-operated carrier systems, have been eliminated. 

(b) Valves have been eliminated in all circuits including, as in the 
Potomac-Edison experiment,’ the transmitter and receiver. The 
valve circuits of conventional carrier arrangements bear no affinity 
to the transistor circuits which have been used, and in many 
instances they have an entirely different functional role; transistors 
are used throughout as individual switches, as phase-inverters 
and/or isolating stages, or as component parts of trigger circuits, 
and only rarely as amplifiers and then in such a way that changes in 
gain are immaterial. The principles involved in the use of transistors 
in this application are thus substantially the same as those described 
earlier in the application of juction transistors to distance relays.8.9 

(c) Means have been adopted for ensuring uniform speed of 
operation for any fault within the protected section, irrespective of 
d.c. asymmetry in the wave of fault current. These arrangements 
are not electronic in nature but have been described since they are 
an integral part of the equipment and contribute to its high level 
of performance and very fast operating time. : haps 

(d) A method has been adopted for utilizing inter-tripping 
facilities in the event of marginal conditions developing; these come 
into use for certain phase angles and fault currents, and in the event 
of fault current being fed from one end of the protected section only. 

(e) The system is designed for automatic resetting subsequent to 


fault clearance. 


(1) PROBLEMS OF PHASE-COMPARISON CARRIER 
PROTECTION 

In its simplest form the phase-comparison carrier system may 
be regarded as a single-phase comparison of two signals derived 
from all three phases at each end of the protected section. The 
signal at each end is derived from current transformers through 
a network giving a convenient combination of symmetrical- 
component quantities. Information, i.e. the phase angle of the 
derived current at each end of the system, is transmitted by a 
carrier signal modulated by square waves of equal mark/space 
ratio; the carrier is thus injected into the power lines at each 
end simultaneously in blocks corresponding to alternate half- 
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cycles at the power frequency. During the half-cycles at each 
end when carrier is not being transmitted, tripping is locally 
effected unless it is blocked by carrier received from the remote 
end. An arrangement is commonly adopted in which the blocks 
of modulated carrier injected at each end are in phase opposition 
for the case of through fault; blocking carrier is thus received at 
each end during its tripping half-cycle, and tripping does not 
take place in this condition. In the ideal case, the blocks of 
modulated carrier appearing on the line from each end are 
coincident for the case of an internal fault; the circuit-breakers 
will operate since no blocking signal is received during a tripping 
half-cycle at either end. These arrangements are indicated in 
Fig. 1. 


SECTION | 
TRANSMISSION LINE 


(a) 
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(1.2) Choice of Relaying Quantities ; 
The effectiveness of a phase-comparison carrier system 1s 


greatly dependent on the choice of the relaying quantities and the . 
method of their derivation. The arrangements at each end | 


should provide for the detection of all faults, balanced and 


unbalanced, which can occur on the system; the derived single- | 


phase quantity which is used to modulate the carrier must 
faithfully represent, for any combination of load and fault 
currents, the phase angle of the line current at each end with 
respect to some convenient datum. 

Positive- and negative-sequence outputs from sequence net- 
works are commonly used for starting purposes, whilst the output 
of a summation transformer or a combination of sequence 
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Fig. 1.—Fundamental arrangements of carrier and modulating signals for a phase-comparison carrier system of protection. 
a = Angle of stability. 


(a) External fault condition. 


(1.1) Unwanted Phase Shifts 


Clearly any phenomena which cause unwanted phase shifts 
between the currents at each end of the system will raise funda- 
mental difficulties with this type of protection, since the phase 
comparator, which is the main relaying element, has the function 
of producing an output for tripping when the phase displacement 
between the modulated blocks of carrier exceeds a given angle. 
This angle, under through-fault conditions, should be large 
enough to minimize the effect of spurious phase shifts, but should 
be small enough to avoid failure to trip under internal fault 
conditions. Unwanted phase shifts arise from the power system 
in two main ways: 

(a) If the line length is great, the time of transmission of the 
carrier signal from one end of the protected section to the other is 
significant, since it corresponds to a phase shift of about 1° for each 
10 miles of line length. 

(b) The charging currents of the line produce significant phase 


shifts between the currents at each end of the protected section, an 
effect which is more marked at high voltages and low fault currents. 


In addition to (a) and (4), the carrier apparatus can also cause 
very small phase shifts; this is particularly true for the coupling 
arrangements between the carrier set and the transmission line. 
All these factors usually lead to a phase-angle setting for the 
phase comparator of approximately 30°. 


(b) Internal fault condition. 


quantities is used for the signal representing phase. In the 
equipment described, positive- and negative-sequence quantities 
are used for starting purposes under balanced and unbalanced 
faults, respectively, whilst the phase-representing quantity takes 
the form 

I=MI,+ NI, . (1) 


where M> 1 and N = +1, and the suffixes 1 and 2 denote 
positive and negative phase sequence, respectively. 

The merits of particular choices for the magnitudes and signs 
of the coefficients M and WN are fully discussed in Appendix 9.1. 


(1.3) Starting 


Adequate arrangements must be made to start the carrier 
system at minimum fault conditions, and at the same time ensure 
that it is not operated at maximum load conditions. Response 
to the amplitude only of the negative-sequence signal is sufficient 
for unbalanced faults, whereas response to both amplitude and 
rate of increase of positive-sequence output is necessary for 
balanced faults. There are two settings for each of the positive- 
and negative-sequence starting arrangements: a low setting is 
used for starting carrier and a high one for controlling tripping. 
These arrangements are all that is necessary to ensure that carrier 
is established on the line before tripping is allowed. 


Ig Stet Ae 
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(2) DERIVATION OF THE PHASE-MEASURING AND 
STARTING QUANTITIES 


The sequence network used to derive the relaying quantities 


from the main delta-connected current transformers is shown in 
Fig. 2. The three operating quantities, the positive-, the nega- 
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COMBINED POSITIVE-AND 
NEGATIVE -SEQUENCE OUTPUT 


Fig. 2.—Combined positive- and negative-sequence network. 


tive- and the combined positive- and negative-sequence com- 
ponents, are derived simultaneously by the same network, which 


is supplied from three current transformers only. The operating 


virtues of this network are that the impedances presented across 
each pair of output terminals can have any value from zero to 
infinity provided that they are equal; only the proportionality of 
the output differs with the impedance chosen, and the proportion 
of the negative-sequence component in the combined output can 
readily be altered by variation of r. The value of M in eqn. (1) 
varies in accordance with the relationship 


R 


M=2+- (2) 


as demonstrated in Appendix 9.2. 


The design of the transformers for matching the main elec- 
tronic relaying system to the sequence network depends on the 
following factors: 

(a) The negative-sequence setting for starting. 
(b) The positive-sequence setting for starting. 


(c) The values chosen for M and N. 
(d) The minimum voltage required to operate the starting and 


squaring circuits. 
A procedure for the design of these transformers is given in 
Appendix 9.2. 


(3) OVERALL OPERATING PRINCIPLES 


Fig. 3 shows the equipment at one end of a protected section: 
The outputs from the delta-connected secondary windings of the 
main current transformers are fed to a sequence network which 
produces independent positive- and negative-sequence outputs. 
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Fig. 3.—Schematic of the equipment for one carrier terminal. 


These components are fed in parallel to the starting circuit 
through isolating diodes, whilst a combination of them is fed to 
the squaring circuit through a filter which eliminates any har- 
monic and d.c. transient which may be present. The starting 
circuit will pick up when the amplitude of the negative-sequence 
component exceeds a predetermined level, or, alternatively, when 
both the amplitude and rate of increase of the positive-sequence 
component exceed a predetermined level. The only difference 
between these two starting arrangements is that, with negative- 
sequence starting, reset only occurs after fault clearance, whilst 
the other method has automatic reset after a predetermined time 
unless reset has occurred earlier as a consequence of fault 
clearance. When the starting circuit picks up, it produces four 
step-function outputs, as follows: 

(i) Two high-set outputs of opposite polarity; one fed to the 
phase-comparator and the other to the slave circuit. 

(ii) Two low-set outputs of opposite polarity; one fed to the 
modulated-carrier control circuit and the other to a delay circuit. 
The starting input signal is preponderant throughout the 

apparatus; each individual unit which is controlled by a starting 
signal does not respond to any other input(s) unless starting has 
occurred. The squaring circuit produces two square-wave out- 
puts of opposite polarity; one of these is fed to the modulated- 
carrier control circuit, where it causes the transmission of 
square-wave-modulated carrier provided that the starting input 
exists, whilst the other is fed to the phase comparator in order to 
be compared with the square wave derived from the transmitted 
signal from the remote end. The phase comparator decides 
whether the fault is internal, and if so, produces an output. This 
output is fed to the slave circuit where, again, the starting signal 
must have been received previously, and tripping takes place. 
The starting-circuit signal to the delay circuit causes this, in 
its turn, to produce a time-lagged output sufficient to allow 
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clearance in the normal way. The delay-circuit output is fed to 
the last stage of the squaring circuit, where it stops only the 
square wave fed to the modulated-carrier control circuit. This, 
together with the previous existence of the starting signal, causes 
continuous carrier to be transmitted which blocks tripping at the 
remote end, thus safeguarding against false tripping when an 
external fault is being cleared. The same sequence of events 
then occurs at the remote end and continuous carrier is trans- 
mitted to the near end with the same effect. 

To provide for the special circumstances indicated in (d) in 
the Introduction, an intertrip transmitter and receiver are added 
at each end. At either end the transmitter is started by a signal 
fed to its input from the slave circuit. The slave circuit at the 
remote end is operated by this intertrip carrier signal, which has 
the additional function of stopping the remote-end intertrip 
carrier signal, thereby preventing interlocking and enabling the 
system to reset after fault clearance. 


(4) BEHAVIOUR OF INDIVIDUAL ELEMENTS OF THE 
SYSTEM 


(4.1) The Starting Circuit 


As mentioned in Section 3, the starting circuit picks up in 
response either to the amplitude of the negative-sequence com- 
ponent of the fault current for an unbalanced fault, or to both 
the amplitude and rate of increase of the positive-sequence 
component for a balanced fault. The starting-circuit arrange- 
ment is shown in Fig. 4(a), where each of the negative- and 
positive-sequence components, as produced by the sequence 
network of Fig. 2, is rectified by a full-wave rectifier bridge. 
The rectified d.c. outputs corresponding to the negative-sequence 
component are taken, at high and low levels of voltage, from the 
potentiometer which controls settings, and fed directly to the 
low- and high-set starting circuits, respectively, through isolating 
diodes; the rectified d.c. outputs corresponding to the positive- 
sequence component are fed to pulse circuits, each consisting of 
a capacitor C and a discharging diode shunting this capacitor to 
the +V, supply. Any sudden change in the positive-sequence 
input signal is instantaneously produced at the outputs, subse- 
quent decay of these outputs signals taking place as the capacitors 
charge. The diodes shunting the capacitors to the +V , supply 
cause them to discharge rapidly after fault clearance, thereby 
making the pulse circuits ready to perform their functions imme- 
diately in any subsequent operation. The outputs of the impulse 
circuits are fed to the low- and high-set starting circuits through 
isolating diodes in the same manner as those corresponding to 
the negative-sequence component. 

The low- and high-set starting circuit arrangements are 
identical, apart from being fed from the low- and high-voltage 
tappings, respectively, on the setting potentiometer. Each circuit 
consists of a level detector which is a common-emitter trigger 
circuit incorporating transistors VT, and VT, [Fig. 4(a@)], 
followed by an output stage incorporating transistors VT; and 
VT4. Each level detector and output stage uses two transistors, 
i.e. a total of eight, together with four isolating diodes, two 
discharge diodes and the eight diodes which form the two rectifier 
bridges. The drop-out voltage of the level detector, Vi, is 
usually less than its pick-up voltage, V,. However, these can be 
made closer or equal by the insertion of either a resistor R., in 
series with the emitter of VT,, or Re» in series with the emitter 
of VT, [Fig. 4(a)]. Fig. 4(b) shows the relation of R,, and R,» 
with V, and V,. The level detector, in this case, uses pick-up 
valves slightly larger than those for drop-out, thereby allowing 
for a certain percentage of ripple in the rectifier voltage and at 
the same time avoiding starting-circuit ‘chatter’ for marginal 
faults. 
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Fig. 4.—Starting circuit. 


(a) Arrangement of starting circuit. 
(6) Effect of Re; and Re2 on Vy and Vy. 
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Re = 2:2k0 Vee = 12 volts 
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5 (4.2) D.C. Filter Network and Squaring Circuit 


It is extremely important that two isolated steep-sided square- 

wave pulses of unity mark/space ratio should be derived; one for 
Modulation and the other as an input to the phase comparator. 
If direct current is present in the output (MI, + NI,) of the 
Sequence network, it can be shown (Appendix 9.3) that failure 
to obtain equal mark/space ratios does not impair correct opera- 
tion of the phase-comparison system but may cause a time delay 
of one cycle, particularly if the d.c. time-constant is long. 
__ Since the protective system under discussion is inherently very 
fast, it follows that the elimination of transient time delay would 
make a large percentage reduction in the overall operating time. 
To make this improvement, direct current is filtered out between 
the sequence network and the squaring circuit. The filter 
arrangement adopted and its analysis appear in Appendix 9.3; 
its performance is illustrated in Fig. 16(d). 


(4.3) Carrier Control and Modulation 


The carrier control and modulation consist of the oscillator 
and the control arrangements for both modulated and continuous 
carrier. Control is accomplished through the use of transistors 
with a common-emitter circuit, as shown in Fig. 5. Transistors 


-Vee 
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Fig. 5.—Basic transistor arrangement for carrier control 
and modulation. 


VT, and VT; behave as the oscillator when transistor VT, is 
cut off. When transistor VT, is not cut off, a heavy current is 
drawn through the common resistor, and the oscillator stops. 


(4.4) Phase Comparator 


The phase comparator, which is the main relaying element of 
the protective system, consists of a coincidence stage controlled 
by the starting input, followed by an integrating circuit and a 
level-detector/output stage, as shown in Fig. 6(a). The basic 
arrangement of the coincidence stage is shown in Fig. 6(6); three 
inputs are fed to the base of the transistor through diodes. 
Input 1 is from the starting circuit, and is normally negative, 
thus maintaining the transistor ‘on’ irrespective of inputs 2 and 3. 
When the starting circuit picks up, input 1 assumes zero potential, 
thereby allowing comparison in phase of the signals 2 and 3 
applied to the remaining terminals. Input 2 is the local square 
wave and input 3 is the received square wave from the remote 
end. When either of these square waves is of negative poten- 
tial, the transistor still conducts. It is clear that, with both 
of them positive or zero and with the starting input also zero, 
the transistor will be cut off; the result is that output negative 
pulses are obtained of a duration equal to the angle of coincidence 
of 2 and 3. The integrating circuit may be a straightforward 
arrangement of capacitor charging through a resistor during 
intervals when the transistor is cut off, or if greater accuracy 
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Fig. 6.—Phase-comparator circuit. 


(a) Block schematic. 
(b) Basic arrangement for detecting coincidence. 
(c) Linear integrating circuit. 


and linearity are needed, an integrating amplifier may be used, 
as shown in Fig. 6(c). This operational amplifier has a high 
gain and low input impedance with negative capacitive feedback, 
and must be preceded by a phase-inverting stage so that the 
output voltage changes from zero to negative values. The level 
detector is the same as the one used throughout the system. 
However, in this particular application, the relation between the 
pick-up voltage, V,, and the drop-out voltage, Vz, must satisfy 
the condition (V, — Vz) > iy min'p, Where r, is the transistor base 
resistance and i,,,;, is the base current required to make the 
input transistor conduct fully. 


(4.5) Slave Circuit 


The basic arrangement of the slave circuit, which is shown in 
Fig. 7, consists of three main sections: 


(a) A switching transistor VT, which maintains the slave 
circuit in a normally unenergized condition. When the start- 
ing input is applied to its base, the circuit is then in a ‘ready’ 
condition. It also follows that resetting will automatically 
take place after fault clearance, since the normal signal from 
the starting circuit, i.e. when the system is healthy, switches 
off transistor VT. 

(b) The asymmetrical bistable circuit consisting of transis- 
tors VT, and VT3. These are arranged so that, with the 
circuit first energized, transistor VT3 conducts whilst VT is 
cut off. When a negative tripping pulse is obtained from the 
phase-comparator circuit and applied to VT), it starts to 
conduct and VT; cuts off; the slave relay is thus energized 
for final tripping. The input capacitor C, ensures circuit 
stability against parasitic pulses during fault conditions. 

(c) Transistor VT4, which is normally cut off. If an inter- 
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Fig. 7.—Arrangement of slave circuit. 


tripping signal is received, a negative voltage is applied to the 
base of VT,4; it thus conducts and operates the slave relay 
irrespective of the local conditions. 


When the slave circuit picks up, an output step function is 
produced between terminals A and B, which is used to start the 
intertrip transmitter. 


(5) SYSTEM PERFORMANCE AND TESTING 


Two successive sets of equipment have been built and tested 
under steady-state and transient conditions. The first equip- 
ment, however, never had the complete input arrangement of 
3-phase current transformers and sequence network, and was 
tested on a single-phase basis. It served satisfactorily as a pro- 
totype for the various individual circuits which comprise the 
electronic part of the equipment. 

The high-speed relay test bench installed in the Power Systems 
Laboratory was used for testing. Phase shifts down the pro- 
tected line have been simulated by capacitors situated between 
the two sets of current transformers, supplying the equipment at 
each end, and carrier-signal attenuation up to 40dB has been 
provided. 

Figs. 8-11 illustrate the performance, under exhaustive labora- 
tory conditions, of the two carrier ends; a third set of equipment 
having basic units identical with those in the one described, but 
equipped with full test and servicing facilities, is at present being 
constructed by an industrial concern and will be used for full- 
scale field testing. 


(5.1) Starting-Circuit Pick-Up and Carrier Signals 


The starting-circuit pick-up is virtually instantaneous, as may 
be seen from Fig. 8(4) in comparison with the fault-current signal 
[Fig. 8(a)]. Fig. 8(c) shows the initiation of the modulated 
carrier at each end of the system; at each end modulated carrier 


is replaced by continuous carrier for blocking purposes after a 
controlled time delay. 


(5.2) Oscillograph Results for No-Trip Condition 


The oscillographs are shown in Figs. 9(a), (b) and (c). 
Fig. 9(a) shows the carrier signals from each end of the system 
during the period of modulation. Figs. 9(b) and (c) show the 
inputs to the level-detector stage of the phase comparator, using 
an RC and a linear integrator, respectively. They are insufficient 
for tripping. 


(a) 


(6) 


(c) 


Fig. 8.—Carrier starting. 


(a) Fault-current wave. ; R : 
(b) Starting-circuit pick-up corresponding to fault-current inception, 
(c) Modulated and continuous carrier from each end of the system. 


(a) 


2) 


(c) 


Fig. 9.—Oscillographic results for no-trip conditions. 


(a) Modulated carrier, each end of the system, for no-trip condition. 
(b) Level-detector input from RC integrator. 
(c) Level-detector input from linear integrator. 


(5.3) Oscillograph Results for Trip Condition 


Fig. 10(a) corresponds to Fig. 9(a), both being for the ideal 
case of no phase shift down the transmission system. Figs. 10(b) 
and (c) show the waveforms corresponding to Figs. 9(b) and 
(c), respectively, which are now appropriate for tripping. 
Fig. 10(d) shows the output of the phase comparator to the 
slave circuit, and Fig. 10(e) illustrates the tripping time. The 
upper trace of Fig. 10(e) shows the fault current from the moment 
of inception to interruption through the slave-relay contacts; it 
can be seen that the overall operating time is approximately two 
cycles. The lower trace shows the intertrip carrier, which is 
started by the slave circuit and through the relay contacts. The 
interval from the inception of the fault current to the first 
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Fig. 10.—Oscillographic results for trip coditions. 


(a) Modulated carrier from each end of the system for trip condition. 
(b) As for Fig. 9(6), but for trip condition. 
(c) As for Fig. 9(c), but for trip condition. 
(d) Output from phase comparator to slave circuit for trip condition. 


(e) Time of operation. 


yppearance of the intertrip-transmit signal thus indicates the 
ime of operation of the protective system, excluding the time of 
yperation of the slave-relay element itself. This time is clearly 
xf the order of 15millisec, or # cycle, and is only attainable 
hrough use of the d.c. filter described above. 


(5.3) Balanced Faults 


For the initiation of operation during balanced faults, rate-of- 
ncrease starting is employed. The pulse inputs to the starting 
ircuits are shown in Fig. 11(a), and the different durations of 
he high-set and low-set pick-up periods in Fig. 11(6). The 
ow-set signal which starts the carrier of Fig. il(c) is of longer 
luration than the high-set signal which permits tripping, as can 
seen from Fig. 11(d). Fig. 11(d) thus shows simultaneously 
he time of operation, the period during which tripping is allowed 
s indicated by the blank interval, and the total period of carrier 


ransmission. 


(a) 


A) 


(c) 


(d) 


Fig. 11.—Oscillographic results for balanced fault conditions. 


(a) Pulse inputs to low-set and high-set starting circuits, respectively. 
(6) High-set and low-set starting-circuit outputs. 

(c) Control of carrier by low-set output. 

(d) Time and duration of operation. 


(5.4) Temperature Performance 


The elements most susceptible to temperature change are the 
level detectors, and hence, in particular, the phase comparator. 
Other features of importance are the oscillator-frequency stability 
and power-output stability of the power amplifier with tem- 
perature variation. There is also the question of overall per- 
formance of the system with temperature. 

With any of the level detectors, the pick-up level increases with 
rise of temperature, from 3-65 to 3:8 volts for 20 to 50° C change. 
This is due to an increase in J,g with rise of temperature, with 
consequent increase in the bias voltage. To overcome this effect, 
compensation has been introduced, and the pick-up level sus- 
tained at a constant value for the same 30° C temperature change. 

Temperature effects on the crystal oscillator were negligible, 
the frequency change being 3c/s in 100kc/s for 30° C change. 

The power amplifier needs a minimum input drive to give its 
full output, Originally using type OC71 transistors in the 
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master-oscillator circuit, a fall in power output of 19% occurred 
for a change of temperature from 20 to 50°C; with type OC45, 
the corresponding change was 2%, which was considered to be 
acceptable. 

From the point of view of overall system performance there is 
a distinct advantage in operating the system at a reduced voltage, 
say 8 volts, since this greatly minimizes the tendency of the 
transistor collector current to ‘creep’ at high temperatures. 


(6) CONCLUSIONS 


The results set out in the paper demonstrate the feasibility of 
using transistors as circuit elements in a carrier scheme of pro- 
tection. The system of protection which has been devised is 
suited to all the abnormal power-system conditions which may 
be experienced as shown in the Appendices. No transistor 
failures have been experienced throughout the exhaustive testing, 
and this supplements the very encouraging results from the 
transistor life-test experiments being carried out in the Power 
Systems Laboratory.* The functional use of the transistor 
mainly as a switching on-off element is clearly very satisfactory. 

The times of operation are well within normal specifications, 
even allowing for time of operation of a slave relay, and as shown 
in the Appendices, they can readily be made independent of 
system transient conditions. 

A carrier protective system designed to the principles described 
in the paper is now being manufactured to industrial specifica- 
tions, and the next stage of field testing under actual system 
conditions can be anticipated. 
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(9) APPENDICES 
(9.1) Phase-Representing Quantity 


The output quantity for representing the fault current in pha: 
can be one of the following combinations of sequence currents: 


(i) Output «< | 
(ii) Output oc MIz + KI | 
(iii) Output « Mh + Ni 
(iv) Output oc KIp + Ni | 
(v) Output « Alp + Blo + Ni | 

| 


Of these, (iii) has advantages and has been chosen for the 
system described in the paper. For an output proportional t 
MI, + NI; =I, considering all possible combinations fo 
N= +1, M> 1 we have: 

(a) 3-phase faults—The output is proportional to J. Th 
relay setting in this case must exceed 100% to give correct pha: 
representation at full load, but this high setting is alread 
necessary to ensure non-operation of the protection at full loads. 


Fig. 12.—Sequence networks for 2-phase-to-earth fault. 
(b) 2-Phase Faults and 2-Phase-to-Earth Faults.—Fig. 12 shows 
the interconnection of the sequence circuits for this type of fault. 
Assuming X; = X> and neglecting resistance, it can be shown 


that: 
For phase B-C-neutral faults (A being the reference phase), — 


(3) 
and for phase A~B-neutral and phase A-C-neutral faults, 


X KEN 
7 N? + (MN + 2N2)—° + (M2 oN fie 
| ( Ta + mn + n9(%8)"| 


Soe 


(4; 
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Fig. 13.—Curves for the choice of sequence-current combinations. 


(a) N = + 1, phase C phase B-N fault. 
(b) N = + 1, phase A phase B-N or phase A phase C-N fault. 
( N = — 1, phase C phase B-N fault. 
(d) N = — 1, phase A phase B-N or phase A phase C-N fault. 


39 


60 
For N = +1, eqn. (3) becomes zero for Xo/X, = 1/(M — 1), 
a case which may arise in practice. ‘For N = — 1, eqn. (3) 


cannot be zero for all possible values of X/X 1; this latter value 


for N will therefore be used. ; 
Figs. 13(a), (b), (c) and (d) show |I,,|/|I-| for various values 


of M, and for N = + 1 and N = — 1, respectively. 
(c) Earth Faults—For phase A-to-neutral faults, 
[tos 
my = (M+ N) (5) 
irl, 3 


and for phase B-to-neutral or phase C-to-neutral faults, 


Vrn| =\/(M?2 — MN + N?). (6) 
Url 3 
|Ln|/|Z| in eqn (5) will always be smaller than its value in eqn. (6), 
for the same value of M, and N = — 1. 


Taking the case of the minimum fault condition and assuming 
that the minimum setting for starting is x, then Ip min = XIy). 

Full-load current, superimposed on the minimum fault current, 
can have any phase angle with respect to J,,. The load currents 
at the ends J and JJ, as presented to the relaying system, are in 
phase opposition. 

For external faults, the load current will not affect the stability 
of the relaying system, since the current distribution for this case 
is almost the same at both ends of the line. 

For internal faults, J,,; at end J and J,, at end IJ are approxi- 
mately in phase, or there may be a small phase angle, 6, between 
them. With reference to Figs. 14(a) and (5), it can be seen 


(4) 


Fig. 14.—Effect of load current during internal fault, for two ranges 
of phase angles of load current. 


that, under this condition, the phase angle, 0, increases for the 
higher load currents. When |J,:;| = |Zn2| = |J,|, the resultant 
phase angle, after taking load current into account, is equal to 
(90 + 6/2) for phase angles of I, between P and Q, and equal 
to (90 — 6/2) for I, between Q and R. Such a condition is the 
maximum to be allowed, since if |J;| > |Z,,| the system may fail 
to trip in the case of internal faults. If |Z,1| > |Z,2|, the 
maximum permitted value for |J;| is that of |J,,.|, in which case 
the angular deviation will be less than that for the case 
Znil = [Zm2| = [Ur]. Where such increased angles due to full 
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load are objectionable, values of |J,j|/|Lmmin| Of less than uni 

must be used. ; 
During internal faults, the cases of J,, and Jy; summing t 

zero at one end are not objectionable, since this allows instan: 

taneous tripping at both ends of the protected line. 
Assuming the chosen value 


Zeal! | Lia min| as eC a TR (7 
for minimum fault condition, 
yet = (M— 1)/3| Le min| 


where Ip,nin is the minimum fault current. 
From egns. (7) and (8), 


[Zy1| i VE min| 
= y|Irmin\(M — 1)/3 
If the minimum setting for starting is x, 
[Trminl = x|Lpil - 
From eqns. (9) and (10), 
Zp] = yx|Zp|(M — 1)/3 
x=3/y(M—1). (11) 


Eqn. (11) gives the relation between x, the minimum possible 
setting of the starting circuit for earth faults, the value of 
andy< l. 


(9) 


(10) 


or 


x 
. (9.2) Selection and Control of Positive and Negative ‘ 
Phase-Sequence Currents 


With reference to Fig. 2, the delta currents, i,, i, and i,, f 
to the sequence networks are related to the secondary currents; 
i,, i, and i,, as shown in Fig. 15(a). 

The currents, J; and J,, passing through the positive- a 
negative-sequence sides of the sequence network, respectively, 
are given by 

I, = K@i, + i,/60) . 


I, = K(iy + i, 760) . 


where K is a constant, depending on the loading impedance: 
whose values should be equal at both sides of the network. It is 
obvious from Fig. 15(a@) that the phase angle between the posi-+ 
tive- and negative-sequence outputs, J; and J;, is changed by 
180° from its original value between J, and J,, on the primary 
side of the current transformers. Thus J; must be added ta 
MI, at the output of the network in order to obtain (MJ, — I,): 

The combined positive- and negative-sequence output is 
obtained by adding the outputs of transformers T, and T; of 
Fig. 2 in one arm of a bridge composed of the two resistors 
R and the centre-tapped transformer T3, as shown in Fig. 2: 
The bridge connection is used to avoid feedback between the 
positive- and negative-sequence outputs. The transformers Tj 
and T; have the same turns ratio, which is of the order of 1 : 20, 

With reference to Fig. 15(6), for any value of r connected 
across the secondary winding of T>, the output is given by | 


| 
; mr A ne 
Ee or 


R 
a(2 + ~\i5 ay 


or 
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Fig. 15.—Phase-representing quantity. 


(a) Vector relationships for sequence network. ay. 
(6) Bridge connection for combined negative- and positive-sequence output. 
(c) Variation of M with r. 


From egn. (14) it is clear that M is given by 
R 
M = PD + i . . . . ° . (2) 


Eqn. (2) is represented in Fig. 15(0), from which it can be 
seen that M has a minimum value of 2 when r = ©. 


The design of the coupling transformers, T;, T,, T; and WA 
depends on the factors mentioned in Section 2. For example, 
with transformer T,, which feeds the negative-sequence starting 
arrangement, if the impedance reflected by the primary winding 
is already chosen as rf, the mimimum required output voltage 
for operating the starting circuit is Vo, and for any fault the 
primary current is given by 


ip Ry + By 7 O° 
Tp > Ry + Ry 60° 


= Al; 


where ry is the total refiected impedance across either side of 
the sequence network. 
Therefore the impedance across the secondary winding is nar f 
ae the primary current is xAlI;;, where x is the setting for earth 
aults. 


The secondary current is sees 
M4 
XxAL, 
ou yi i XNGr¢ = ArpXxy Ing 

‘4 
From which Vo 46 
(15) 

V2 
and R, = ere = 0 1 

4 af A*rex? Tf, ( 6) 


The same procedure can be followed in the design of the other 
transformers. 


(9.3) Effect of D.C. Asymmetry on the Performance of the 
Phase-Comparison System 


As discussed previously, the positive half-cycle is used for 
local tripping, whilst the negative half-cycle is used for trans- 
mission of blocking carrier. By reference to Figs. 16(c) and 
(d) it can be seen that the negative d.c. transient will reduce 
the duration of the normally positive half-cycle by the angles 
and y, while the positive d.c. transient will increase it by the 
angles 6 and %. The reduced angles (effect of negative d.c. 
transient) will be considered positive, and the increased angles 
(effect of positive d.c. transient) will be considered negative. 
This effect of d.c. transient tends to change the angle of stability 
of the relaying system by an angle equal to the sum of 0, 4, 
6, and bo. This can be positive, zero or negative, in which cases 
the angle of stability will be increased, unaffected or reduced, 
respectively. 

For external faults, the fault currents are approximately the 
same at both ends of the line, and owing to the phase reversal 
of the current transformers at one end, the d.c. offset, if positive 
at end 1, will be negative at end 2, and vice versa. Consequently, 
the sum of 0, #1, 9, and %, will be zero or very small, and the 
angle of stability will be unaffected irrespective of any d.c. offset 
in the fault current. 

For internal faults the d.c. offsets at the two ends of the line 
may be independent of different magnitudes and polarity. The 
worst condition is when the d.c. offsets at both ends are nega- 
tive, in which case 0), ys, 2 and wp are all positive, and the 
angle of stability may be increased to such an extent that it 
causes delay in operation for one complete cycle. These effects, 
for external and internal faults, are illustrated in Figs. 17(a) 
and (5). 

Fig. 16(d) shows a simple graphical way for finding 6 and & 
for any d.c. offset magnitude and time-constant. A cosine wave 
is drawn on a linear-log scale: the intersections of the straight 
line representing direct current with alternate half-cycles give 6 
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Fig. 16.—Transient analysis. 


(a) D.C. transient filter. 
(b) Performance of d.c. filter. 
(c) and (d) Analysis of performance with d.c. transient. 


and % for negative d.c. offset, while its intersections with the 
other half-cycles give 0’ and w’ for positive d.c. offset. It is 
sufficient to draw the first one or two cycles of the cosine wave 
where the effect of the direct current is more pronounced. 

It has been demonstrated that the relaying system is inherently 
stable against d.c. offset in the fault current. The worst effect 
that may result in the case of internal faults is that the time of 
operation may be delayed for one complete cycle. However, 
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Fig. 17.—Effect of d.c. transient on the angle of stability. 


(a) Polar representation of the stable and tripping zones for external fault with or| 
without d.c. offset and internal fault without d.c. offset. 
(b) As for (a), but internal fault with negative d.c. offset. 


since the relaying system is intended for fast operation, such a 
probability of time delay may be undesirable, and the d.c. 
transient should be eliminated by a filter network. 

The filter network [Fig. 16(a)] comprises a parallel LC circuit 
tuned to the power frequency and in parallel with a resistance R. | 
If the current fed to this circuit has a 100% d.c. offset, 


i = I (cos wt — €~#!*) 


where: w = Power angular velocity. 
7 = Time-constant of the d.c. component. 


For the network, 
pot LRP b 
Pp LCRp*? +LP+R 


Considering the a.c. component of the input current, 


i =Icoswt 
: Wee 
2 pars 


ot Ee Pp 
eC orrae+ ap py OM 


where | 


bisa aN 4 1 5 ree 
o = aCe ee & Ga) and « + B= oe 


The condition for eqn. (17a) is R > 44/L/C, 


I 1 
whence V, = Z| - Jy, COS wt 52 sR sin (Bt + »| . (178)) 
B 


2aB 


= arc ta — 
yb = ar a ue 


Considering the d.c. component of the input current, | 


i= Je—t = Je—vF 


has I 
j aides Pt+y 
Vy, -ig 2 eee ee : 
p — pp C(P+y[P + oP + BI 5 (18a) 
whence | 
Ve = sr an dot sin Bt )(a? + B? = w? 


: 


Adding eqns. (175) and (185), 


ee ae! eer 
Vo = an cos wit — eae Ke 


Wr. {lowe 
os ema sin (Bt + pb) — F sin er] (19) 
_ The last term in eqn. (19) represents the parasitic oscillations 
that decay with a time-constant, 1/«, which is very small (usually 
ess than a half-cycle) and can therefore be neglected. The 
ratio of the d.c. to the a.c. component in the output voltage will 
be 2xy/w? for 100% offset in the input current. 
In the experimental circuit, 


i ==" henry” 

C = 10pF 

R = 400 ohms 
1 
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The time-constant of parasitic oscillations is 


1 1 ne 

Se 8 millisec 
which is less than a half-cycle, and the ratio of the d.c. to the a.c. 
component is 


20Y = 25-5 x 10-y (on a 50c/s basis) 
(9) 


For y = 10, i.e. when the d.c. time-constant is 5 cycles, the 
gaa ley aby Wome 

For 100% offset in the input current, the d.c. component in the 
output voltage will be 2-55 %, and less for a longer time-constant. 

Any nth harmonic in the input current will also be attenuated 
in the output voltage by a factor 


2an 
a/ [(n® — 1)2w? + 4n?o?] 


This factor is less than unity, and diverges quickly for higher 
harmonics. 


DISCUSSION ON 


‘POWER SYSTEM PROTECTION, WITH PARTICULAR REFERENCE TO THE 
APPLICATION OF JUNCTION TRANSISTORS TO DISTANCE RELAYS”™* 


AND | 
‘A DUAL-COMPARATOR MHO-TYPE DISTANCE RELAY UTILIZING TRANSISTORS’ #} 


Before the NorTH MIDLAND CENTRE at LEEDS 7th January, and the NORTH-WESTERN MEASUREMENT AND CONTROL GROUP af MANCHESTER 
21st January, 1958. 


Mr. W. J. A. Painter (at Leeds): The authors state that they 
have proved the reliability of transistors by ageing tests. Are 
they satisfied that the transistors can fulfil the requirements of 
protective equipment by instant operation after a long period 
of quiescence, and that the properties of the transistor or its 
components are not affected adversely under these conditions. 
Will the transistor require to be ‘energized’ at periodic intervals 
to retain its characteristics ? 

The authors state that they have made progress towards 
simplifying the transistor relay. To what extent, for example, 
has the relay shown in Fig. 6 of Paper 2177 S been simplified ? 

Can the transistor relay be tested and repaired as necessary in 
the field or does it need test-room treatment? At what interval 
does a transistor require to be tested? Are simple tests sufficient 
to prove the ‘goodness’ of a transistor, or is it necessary to 
reproduce the family of curves shown in Fig. l(c) of Paper 
2085 S? 

Is it necessary to take special precautions during test against 
excessive or reversed voltages, or during handling against 
vibration or shock? 

Has development since the publication of these papers pro- 
gressed sufficiently to enable the authors to state’an economic 
case for, or against, transistor relays? 

Mr. E. C. Smith (at Manchester): The authors have carried 
out their research in a laboratory under ideal conditions of 
cleanliness, temperature and humidity, but it may not be like 
that on site, and it is there that protective-gear maloperations 
occur. 

Experience shows the causes of maloperation to be mainly 
non-technical—things like broken fuses, high-resistance contacts 
and open-circuited coils, and yet those schemes still work in 
theory even though not on site. This appears to be an argument 
in favour of transistorized protection with no moving parts, 
but it is not. We have introduced other hazards. For example, 
transistorized protection uses small currents and voltages, and 
the behaviour of the equipment is dependent on the accuracy of 
those quantities. Thus voltage pick-up on the wiring cannot be 
tolerated, but it may occur under fault conditions. There is the 
problem of voltage control of the batteries, since it is presumably 
desirable to eliminate charger ripple, and there is the hazard of 
component failure and the varying resistance of joints. It is 
one thing to ‘tailor-make’ a set of protection for laboratory tests 
and quite another to use components which have been made and 
assembled in thousands. This latter point is always a risk, but 
it may be more so when using such small currents and voltages. 

The authors envisage that the operating times of three half- 
cycles will be reduced. There is already much high-speed 
protection in service on which maloperations sometimes occur 


* ADAMSON, C., and WEDEPOHL, L. M.: Paper No. 2085S, August, 1956 (see 
103 A, p. 379). 


+ ADamson, C., and WEDEPOHL, L. M.: Paper No. 2177S, September, 1956 (see 
103 A, p. 509). 
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because of transient conditions, and yet we are trying to go 
even faster. Although we must always be ready to entertain] 
new ideas, we must be sure that we are not gaining in speed andj 
sacrificing reliability. 

As there are no restrictions on the currents and voltagesy 
available for use with distance protection, why have the authorsyj 
selected this for their first experiment? Why not start research} 
on pilot protection, where design difficulties are experienced. 
because of the necessity to keep within imposed limits of voltage} 
and current on the pilots? 

In conclusion, I would ask the authors not to look upon} 
protective gear as a group of relays on a bench in a laboratory, }} 
but to look upon it from the point of view of the engineer who 
is called from his bed at three o’clock in the morning to attend 
to a fault on the protective gear; from the point of view of t ie 
engineer who has to answer for a maloperation; and from the: 
point of view of those thousands of people who may, for a 
time, be unnecessarily deprived of light and power. 

Mr. G. Fielding (at Manchester): Associated with the develop—} 
ment of modern high-speed schemes is the increasing problem’ 
of fault location. A distance scheme offers the ideal apparatus: 
for the development of such a technique. It seems unfortunate, 
therefore, that any improvement in speed and accuracy of rela: 
response has not associated with it some method of recording; 
the location of fault. 

The reach of the ‘mho’ relay is affected by the presence of arc 
resistance, and while some reduction in zone 1 is permissible, 
zone 2 must extend beyond the next busbars. There is there 
fore a minimum acceptable distance between relaying points: 
for any particular fault level and system voltage. 

The time delay necessary between zones must be related-to thes 
maximum effect of circuit Q-factor and must include a margin 
for circuit-breaker clearance time plus an amount for errors.| 
Accelerated tripping would therefore appear necessary for sectio 
faults beyond zone 1, and suitable channels would be required. | 

Voltage-regulation limits must be imposed on the d.c. powe 
supplies, and a specification of permissible ripple content iss 
desirable. To meet the power-supply standards of the laborato 
proves difficult under site conditions. . 

The miniaturization of relay panel components will result in 
a change in the technique of panel design and wiring. Avoidan 
of open loops and the use of screened cables are necessa 
because of higher input sensitivities. Centralization of controls, 
indications and relays will permit supervision of large stationss 
from one control point. These possibilities are of greater} 
relevance with the introduction of nuclear power stations. 

Polarization of the relay elements from adjacent phases has 
advantages over the use of ‘memory’. The faults for whic 
memory is most required cause the greatest time delay in relay 
operation owing to the high plant/line ratio for close-up faults, 
The extension of memory by the adjustment of the Q-factor o' | 


AI) } 


a 
‘the tuned circuit must be limited, however, since it results in 
totation of the mho-circle diameter. 

_ The authors’ reference to 120 miles as a suitable limit of line 
length for phase-comparison carrier protection is misleading. 
The matter is one of technique rather than principle, and, in 
fact, much greater lengths of line can be protected over high- 
frequency channels. 

_ Mr. H. G. Bonson (at Manchester): Distance-protection 
schemes in general suffer from the following weaknesses: 

E 


(i) Failure to operate on near faults because of the lack of 
polarizing voltage. This is partly overcome in the present 
case by ‘memory action’, but since this depends upon delaying 
the collapse of the relay voltage until after the fault current 
has begun to flow, it seems probable that the corresponding 
delay occurring on voltage recovery might occasionally lead 
to maloperation. 

(ii) The necessity for time delay, either fixed or of an auto- 
matically controlled nature, to prevent transient overreach. 
The dual-comparator system provides the second arrangement 
at the cost of duplication of much equipment. 

(iii) The difficulty of maintaining accuracy of measurement 
over a wide range particularly at the lower voltages. The solu- 
tion to the bias problem afforded by the compensating circuit 
(see Fig. 4 of Paper No. 2177S) is attractive, and a similar 
system deriving a compensating voltage (perhaps from the 
current circuits) could be applied to rectifier-operated distance 
relays to compensate for the voltage drop of the voltage-circuit 
rectifiers. 

(iv) The relatively large amount of equipment required 
for full 3-zone 3-step protection. Have the possibilities of 
transistors as high-speed switching devices been fully explored 
with a view to reducing this amount? 


In conclusion, I have two queries regarding the system of 
‘plotting relay characteristics on the accuracy/range curves (e.g. 
‘Fig. 8 of Paper No. 2177 S): 


Why does the range scale begin at unity? Surely it is 
possible for applications to exist in which the source impe- 
dance is smaller than that for which a given relay is set. 

Cannot a better name be found for the ‘accuracy’ scale? 
The present one seems meaningless as applied to the curves 
for constant time of operation, although highly appropriate 
to the threshold-of-operation curve. 


- My. F. H. Barratt (at Manchester): The use of a dual com- 
parator for eliminating the transient overreach effect is very 
‘satisfactory in preventing false tripping, but it produces severe 
delay under certain conditions. For example, in the waveforms 
shown there would be a 6-cycle delay if the relay setting had 
‘been for a slightly shorter distance. The authors have men- 
tioned the possibility of filtering the d.c. transient between the 
voltage transformer and the comparator. It would be interesting 
to know whether they have considered means of cross-connecting 
the two comparators in such a way that a mean is taken between 
the integration peaks on the two sides. In this way, the distance 
measurement should be determined in the first cycle. 

A practical point in Paper No. 2177S is the peak value of the 
voltages V, and V,. The paper suggests that it may be about 
200 volts. Is this not excessive for the majority of transistors, 
even when applied through a 10-kilohm resistor ? 

Messrs. C. Adamson and L. M. Wedepohl (in reply): In reply 
to Mr. Painter, we have not conclusively proved the reliability 
“of transistors by ageing tests. Tests thus far conducted have 
merely been very encouraging. An ‘on site’ testing programme 
is being arranged to determine the reliability after long periods 
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of quiescence, There will be no need to energize the relays 
periodically to retain their characteristics. 

Relays have been considerably simplified. No direct com- 
parison can be made with the relay shown in Fig. 6 of Paper 
No. 2177S, since further modifications have been made to 
basic operating principles. However, it has been possible to 
devise relays using from three to nine transistors with far greater 
consistency in speed of operation over the relay mentioned above. 
For the greatest speed of operation and most robust slave relay 
units, indications are that four to six transistors will be required 
in each relay. 

A small selenium diode is usually used to limit the maximum 
reverse voltage to approximately 0-5 volt. No information is 
available on shock resistance. The indications are that transistors 
are less sensitive to shock than thermionic valves, which have 
been used successfully in protective-gear carrier equipment. 

In reply to Mr. Smith, we are in full agreement about the 
importance of testing new equipment under the most arduous 
conditions before drawing final conclusions as to their merits. 
So far, a very intensive series of laboratory tests has been 
successfully completed, and it is hoped to complement the test 
data with information obtained from a complete terminal 
installed in South Africa. : 

While the transistorized equipment does operate at very low 
power levels, it must be emphasized that the relay accuracy is 
determined by the accuracy of the replica circuits, and is exactly 
the same problem as in more conventional distance relays. 
The transistors are used as functional switches, and are conse- 
quently not highly sensitive to battery regulation and hence 
ripple. In a recent test a reduction of 20% in battery voltage 
showed a reduction in reach of 5% for a fairly large range 
factor. This was not due to any decrease in accuracy of replica 
circuits but to a reduction in efficacy of the bias compensating 
network. 

In most cases, a speed of three half-cycles would be more than 
adequate, but there are special cases where a speed of one cycle 
has been found necessary to maintain system stability. In such 
cases, electronic relays which maintain their speed of operation 
at greatly reduced power levels are at an advantage over con- 
ventional relays. 

There are no restrictions on currents and voltages available 
for protection. The two papers describing transistorized distance 
relays show results arising out of a general project investigating 
the suitability of transistors in protective gear. Other research 
is being carried out in other forms of protection, including 
pilot wires. 

Finally, we have attempted to view the project from the point 
of view of the system engineer. For this reason it was deemed 
necessary to obtain ‘on site’ information and not to rely entirely 
on the results of laboratory tests. 

In reply to Mr. Fielding, we have not considered the problem 
of fault location in any detail. It may be possible to adapt the 
equipment to measure distance, but this would require continuous 
energization of the faulted line. Greater accuracy is probably 
attainable by using radar techniques for fault location. 

The problem of arc resistance is common to distance protection 
of all types. Reactance relays could be used, but they do not, 
in all cases, provide an acceptable solution. 

The time delay encountered in the presence of d.c. com- 
ponents at large range factors has been eliminated in improved 
relays, so that fast tripping times occur at all points within the 
operating plane of the relay. However, the problem of zone 2 
time delay at the end of a feeder remains, and an important 
feeder would have to be removed by the use of a carrier link. 

Voltage regulation has already been mentioned. It is unlikely 
that the limits required would be severe. 
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Site tests will provide information on susceptibility to pick up 
on stray loops. The problem will, in all probability, be far less 
severe than in a high-impedance thermionic-valve-type relay, 
because transistors are current operated and consequently have 
a very low input impedance. However, the problem has been 
taken into account by avoiding large-area loops and further by 
mounting equipment and cables in an earthed telecommunication- 
type rack. This should provide shielding against stray fields. 

Unfaulted phase polarization is suitable for all faults, other 
than 3-phase, in which case ‘memory’ is a solution. Rotation 
of the ‘mho’ circle due to frequency change has been greatly 
reduced by using tuned circuits with time-constants of the order 
of 10-14 millisec. 

In reply to Mr. Benson, ‘memory’ has already been men- 
tioned in our reply to Mr. Fielding. We agree that the use of 
tuned circuits does introduce new hazards. However, by 
reducing the time-constant to 14 millisec or less, the possibility 
of false operation is so small as to be negligible. The polarizing- 
voltage delay during voltage recovery has been examined 
analytically and experimentally, and with short time-constants 
it does not cause maloperation. Time delay, to avoid transient 
overreach, is now unnecessary. In the latest relay types, 
operating principles have been modified, and speed of operation 
as well as accuracy are independent of d.c. components. 

Compensation does extend the useful range of relays. It should 
be noted that simplifications have been made to the compen- 
sating circuits. 

The possibility of using switched schemes has been considered. 
It is unlikely that they would be competitive with conventional 
equipment, because speed of operation and range are not at a 
premium in such applications. Consequently, very cheap con- 
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It is unlikely that supply | 


ventional schemes are possible. 5 
engineers would consider the use of a high-speed switched 


distance relay terminal to protect an important high-voltage | 


feeder. 
The range curves begin at unity merely because the per- 


formance of the relays does not show any variation for lower | 


ranges. Had it been necessary, the wire could be started at a 
lower range. Finally, both the terms ‘accuracy’ and ‘range’ 
have been the subject for discussion, and more appropriate 
names will be considered. 


In reply to Mr. Barratt, improved relays have made use of the — 
In this way, | 
transient time delay has been eliminated, operating times of one jj 
cycle at all times have been achieved, and, in addition, circuit }j 


average effect in the two push-pull comparators. 


simplification has been possible. 

The peak value of 200 volts on the relay is possible, owing to 
the fact that a transistor is current-operated. A small selenium 
diode in shunt with the base-emitted junction provides a low- 
impedance path to positive signals while the junction itself offers 
a low impedance to negative signals. Thus one need only con- 
sider the input current, which is almost completely determined 
by the input resistance; for example, taking the average base- 
emitter voltage as 0-5 volt, the r.m.s. power at 200 volts (peak) is 


200 1 
»/2 ~~ 10000 


x 0:5 x 1000 = 7mW 


Only half this power (34mW) is dissipated in the transistor, 
the remainder being consumed in the protecting selenium diode. 


This is only a small fraction of the permissible power in the; | 


smallest transistors, and presents no problem. 


DISCUSSION ON 


‘BRITISH COLUMBIA-VANCOUVER ISLAND 138kV SUBMARINE POWER CABLE’* > 


Before the NORTH-EASTERN CENTRE at NEWCASTLE UPON TYNE 28th October, the NORTH-WESTERN CENTRE at MANCHESTER 5th November, the 
SOUTH-WEST SCOTLAND SUB-CENTRE at GLASGOW 12th November, the NORTH STAFFORDSHIRE SUB-CENTRE at STONE 18th November, the 
WESTERN CENTRE at CARDIFF 9th December, 1957, the MERSEY AND NorRTH WALES CENTRE at LIVERPOOL 6th January, the SourH MIDLAND 
SUPPLY AND UTILIZATION GROUP at BIRMINGHAM 10th February, and the SOUTHERN CENTRE at BRIGHTON 19th March, 1958. 


Mr. A. E. Bishop (at Newcastle upon Tyne): I would like first 
to deal with economic questions. What relative proportions 
of the total cost were absorbed by the cable and by the installa- 
tion? Installation looms so large that I wondered whether the 
cable was just an adjunct to the scheme. The maximum electric 
stress is 85kV/cm, which is rather low by modern standards, 
although engineering caution may have dictated it. Would a 


cheaper cable, such as a 100k V/cm one, result in a reasonable — 


economy? This does depend on the ratio of cable cost to 
installation cost, and the fact that the capacitance currents would 
increase; these already reduce the current rating by 6%. 

With regard to current rating, I should like to know how the 
thermal resistivity of the sea bed was determined. I am par- 
ticularly interested in the matter in view of an American account 
a few years ago of the overheating of river-crossing cables owing 
to the very high thermal resistance of the river bed. The current 
rating of 98% of the cable is determined by the 2° which is out 
of the water. Thus 12-13% of the rating is lost. This is not 
economic, and could have been avoided by jointing short lengths 
at each landing position. 

Nothing has been said on possible alternative types of cable 


* INGLEDOW, T., FAIRFIELD, R. M., DAvey, E. L., BRAziER, K. S., and Gipson, J. N.: 
Paper No. 2354S, April, 1957 (see 104 A, p. 485). 


for this crossing. Although the pre-impregnated cable is, at 
present, the only type of cable which can be manufactured in 
continuous lengths, factory jointing of excellent quality has been 
claimed by Bertaux}t for mass-impregnated cables. Further- 
more, what is the possibility of using non-draining gas-pressure 


cables not of the pre-impregnated type? For some reason, non- ||f 


draining cables appear to be limited to 11kV or possibly 33 kV. 
Is this inherent or can they be developed to higher voltage? 

With regard to installation, was any final examination made, 
by diver or television camera, particularly about the rock ridge 
before Galiano Island? What are the authors’ views’ on 
specially-designed cable ships? We appear to lack information 
also on the low pressure at which the alarm is given and the 
time the gas took to pass through the cable from end to end. 

On accessories, 1 am surprised to see a separate sealing end 
for gas feed. Also, I presume that the rigid joints were checked 
for gas tightness by the vacuum technique. Why are Monel 
metal and aluminium alloy used for sleeve materials? At what 
voltage did the factory joint break down? 

The capacity of the Jordan River plant is given in Table 1 as 


26:4MW, and in Fig. 1 as 27-1 MW. This is not a great dif- 


ference, but with generating capacity, every little helps. 
+ C.LG.R.E., Paris, 1954, Paper No. 220. 


3 Mr. G. P. Cundall (at Newcastle upon Tyne): The enterprise 

Broducti in the paper has been the combined achievement of 
production, mechanical and civil engineers, as well as electrical 

engineers. Its successful conclusion is a tribute to the organiza- 

tion on a grand scale by those in charge. Were the manu- 
facturing and contracting organizations given complete 

Tesponsibility for the design, planning and execution of the 

work, and if so, would the authors state what duties were 

fulfilled by consulting engineers? 

_ The estimated cost per kilowatt-hour of steam-generated 

‘power in a power station on Vancouver Island is given, but, 

although the transmission cost of hydro-electric power is given 

for the submarine-cable route, its total cost is not. It would be 

‘interesting to know what this amounted to and also the expected 

life of the cables, which must have been assessed in order to 

arrive at the estimate. 

The use of steel-wire armoured single-core cable is contrary 
to normal land practice, and one would expect that it could have 

been avoided if aluminium sheathing had been used. It would 
be interesting to know whether aluminium sheaths were not 
adopted because of manufacturing or handling difficulties. 

_ The joint illustrated in Fig. 7 was evidently made in 24 hours, 

which compares favourably with the length of time normally 

taken to complete a gas-pressure cable joint. Could the authors 
say whether it was pneumatically tested before being lowered 
into the sea? 

_ In the Appendix the reactance of the cable is shown to be less 

for spacings of 500 yd than for 250yd. This is surprising, and 
it would be interesting to know how the reactance was calculated 

and whether it has since been measured. Would the authors 
also state why such wide spacings were adopted ? 

Mr. J. Queen (at Newcastle upon Tyne): I am particularly 
interested in the protection and fault-clearance aspects, and 
-would like to know the ‘zero-sequence impedance’ per mile of 
the 3-cable 3-phase link; what earthing arrangements are pro- 

vided for the protection of the link cables, and what maximum 
earth-fault current is anticipated in the submarine cable link 
and under what conditions will it exist? 

__ Are these cables used for part of a telephone communication 
system as well as for power transmission, and, if so, could an 
outline of the scheme be given? 

During manufacture of these cables there appears to be a 

possibility of a seam being formed in the lead sheath during the 
extrusion process, or alternatively, a possibility of burning the 
paper insulation of the cable when the speed of the press is 
varied. Can the authors state how these defects were avoided? 

The method of repairing the cables is most interesting, and 
it would be much appreciated if the authors could explain, first, 

how the air content and gas humidity are checked before a cable 
joint is sealed; secondly, how the force of explosive is concen- 

‘trated on the cable for cutting purposes without damage to the 
grapnel after the cable fault has been located; and thirdly, how 

these cables are dried out during cable fault-clearance operations. 

Mr. J. E. Peters (at Manchester): The supply position on 

Vancouver Island is set out in Sections 2 and 3 of the paper, but, 
having regard to the magnitude of the existing load, it seems a 
little unusual that the additional power requirements of 120 MW 
should be supplied over a single 3-phase circuit, even allowing 
for the fact that a spare phase could be brought into circuit 
rapidly by remote switching. In the event of this circuit failing 
at a time of peak load, it would appear that considerable load 
shedding would be necessary in order to maintain frequency 
and permit the re-energized circuit from the mainland to be 

‘resynchronized. This leads me to my next question. Why were 
five cables provided? I should have thought that the saving in 

losses by running two 3-phase circuits normally in parallel would 
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have gone a long way towards paying for the sixth cable, whilst, 
on the score of security of supply, other powerful arguments 
could have been used. 

Long cable runs at this voltage always bring with them prob- 
lems due to the heavy charging currents taken by the cables (in 
this case, approximately 175amp per phase). It would be 
interesting to know whether any such problems have arisen on 
the B.C.E. Co. system, particularly at times of light load. 

With regard to the design of the cable, I was interested to 
note that galvanized-iron armouring had been selected because 
of its resistance to abrasion, in spite of the high losses entailed. 
I assume that the jute serving over the armour is regarded as 
ineffective once the cable has been laid and that the armour has 
to withstand both abrasion and corrosion owing to direct con- 
tact with the sea water. The authors’ comments on this point 
would be of interest. Would they also comment on the reversed- 
lay sections of insulating papers both from the mechanical and 
electrical design points of view? 

At present, interest is focused on the proposed cross-Channel 
cable, and the experience gained on the Vancouver Island project 
will be of immense value in solving the problems of intercon- 
necting the British and French supply systems. If the technical 
problems of high-voltage d.c./a.c. conversion can be solved 
economically, the future is full of interesting possibilities for 
high-voltage submarine power cables in many parts of the world. 
In our own immediate locality it is interesting to note that 
Northern Ireland is less than 25 miles from the Scottish coast, 
and the Isle of Man is within sight of the atomic power station 
at Calder Hall on a clear evening. 

Mr. J. Wallace (at Manchester): The authors refer to the 
hazards from shipping, and whilst these have been minimized 
by selection of the route and the prohibition of trawling by the 
Department of Fisheries in certain areas, damage to the cables 
by ships’ anchors and the like can ultimately be expected. 
Should this occur in deep water, a considerable length of cable 
between two joints would have to be inserted, and I would be 
interested to know how this extra length would be disposed on 
the sea bed to avoid any tendency to loop or kink the cable. 
What happens to the small residual tension with which the 
cable was originally laid? 

Reference was made to the comparative abrasion resistance of 
aluminium-alloy and galvanized-steel wire armouring. Would 
the authors state whether bronze armouring was considered with 
a view to minimizing losses? 

Mr. F. Mather (at Manchester): Under what circumstances 
can a voltage of 10kV appear between the armour and gas- 
retaining sheath? Presumably they will be bonded and earthed 
at each end. 

In the event of damage to the cable, how long can gas pressure 
be maintained to prevent ingress of water to the insulation? 
The method of locating a submerged gas leak is excellent, but 
it would appear difficult to apply if the cable sustained damage 
in two places, and the consequence of the cable being cut in the 
wrong place owing to incorrect fault location would be serious. 
Has such a condition been considered, or is it felt that it will 
never occur ? 

Mr. E. Roscoe (at Manchester): Since the cables lie apart on 
the ocean bed, does the reactance between various cores affect 
the carrying capacity of the cable appreciably ? 

What happens to the lead sheaths at each end? Are they left 
in complete isolation or are they bonded together and earthed 
at one or both ends? If they are bonded at one end only, is 
there a dangerous voltage at the other end? If they are bonded 
at both ends, do the eddy currents in the lead sheath cause 
circulation of current, and, if so, to what magnitude? 


Mr. J. S. Hastie (at Glasgow): With regard to Fig. 5, I am 
* 


68 


struck by the close resemblance to the conventional oil-filled 
cable. The only important difference is that, with the oil-filled 
cable, arrangements external to the cable have to be made to 
cater for the expansion and contraction of the oil; with the cable 
described in the paper, since the gas is compressible, it is self- 
compensating throughout its length, and therefore suitable for 
installation in long lengths in inaccessible positions, such as on 
the bed of the ocean. 

The cable is of the gas-filled type insulated with pre-impreg- 
nated paper tapes applied with graded thickness and tension. 
It would be interesting to know whether any attempt was made 
to grade the size and distribution throughout the dielectric of 
the gas-filled spaces as in the original Beaver—Davey patent. 

I note that the paper tapes were applied by means of a cage- 
type lapper having four sections rotating in opposite directions. 
I am tempted to ask whether the authors were obliged to adopt 
reverse lapping with a view to reducing troubles due to torsional 
stress in the core, and whether they would not have preferred to 
apply the paper tapes with the same direction of lay throughout, 
if it had been practicable. 

In Section 8.1, I am surprised to see the statement implying 
that it was safe to leave the cable exposed to the atmosphere for 
some weeks. I should have thought that the safe period would 
have been of the order of hours. It is difficult to understand 
why so much care was taken at the paper-lapping machine to 
install it in a controlled atmosphere and then to leave the cable 
exposed to the shop atmosphere on the accumulator. Would 
it not have been possible to enclose the whole unit and control 
the atmosphere in contact with the insulation right up to the 
lead press? 

It is understandable that the authors decided to use a recipro- 
cating press which can be stopped for an appreciable time 
without detriment to the cable. But I am surprised to note the 
size of press used, i.e. 1000 tons. It would be interesting to 
know why a larger press was not selected so as to reduce the 
number of stops for recharging. 

T note that the sealing ends are compound filled. “No reference 
is made to any method of maintaining a balance between the gas 
and oil pressures, but I assume that the gas is in contact with 
the surface of the compound. With this arrangement some of 
the gas will be dissolved in the compound, and this may cause 
difficulty when the cable is depressurized. It would be interesting 
to know the time required to bring the system down to atmo- 
spheric pressure. 

Mr. J. T. Henderson (at Glasgow): During lead-covering the 
sheath was extruded carefully on to the insulation to ensure that 
there was no clearance between lead and insulation. With the 
reconstituted joint, however, it is necessary to have an oversized 
lead pipe fitted over the joint; this pipe is then swaged down to 
the cable sheath at either end and then joined to the cable sheath 
by means of lead burning. There must be clearance between the 
insulation and the lead-alloy pipe to enable the pipe io be passed 
over the insulation. Is this clearance filled in any way? 

During storage the bottom turns of cable appear to have a 
considerable weight bearing on them. Were any difficulties 
encountered owing to this fact? 

The vulcanized-rubber protection was subjected to heat for 
three minutes. At the end of that time, was the protection fully 
cured or was the cure only initiated? 

The high-voltage interconnection between the United Kingdom 
and France has been discussed frequently in the technical Press. 
Its capacity is 160 MW, which is slightly greater than that of the 
Vancouver cable. With the cross-Channel cable, economy is 
achieved by having a d.c. link with the possibility of using either 
a solid paper-insulated cable or a polythene-insulated cable. 
Was this possibility investigated for the Vancouver Island 
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crossing? It is, of course, appreciated that differences in ter- | 
minal frequencies and voltages influence the economy of the |j 
cross-Channel cable. a) 


Mr. H. Marshall (at Glasgow): How frequently was the lead- 
sheath thickness checked with the y-ray photographic unit, and 


what variations, and type of variations, in thickness were dis- }} 


covered? Since it was presumably necessary to alter the thick- 
ness during extrusion, was the press fitted with any device for 
measuring the adjustment, such as is fitted to the German 


aluminium-cable-sheathing press on which the sheath thickness | 
can easily be changed by advancing or retracting the die by }f 


means of a hydraulically-operated ratchet and key? 
In view of the difficulties which have been experienced with 
‘birdcaging’ of wire-armoured cables, it would be interesting to 


know the basis of the experiment which determined the optimum |} 


lay of 12 times the pitch-circle diameter. 

In Section 6.2 it is stated that the sheath was extruded onto 
the insulation with a shrinkage of 30-40 mils diametral. 
this a calculated value or was it arrived at by experiment? 


Mr. C. C. Pimble (at Stone): The paper quotes a cumulative }} 
load growth.of 10% per annum. Could the authors state what 


type of load was mainly responsible for this growth? 


Would the spare cables be put into service in order to subject. 


them to load cycles, and why were the telephone exchanges used 


in preference to the supervisory equipment for indicating gas 


and circuit failures ? 


In Fig. 6, what was the setting of the arc-gaps in relation to 


the insulation co-ordination of the system? 


Section 12 refers to outages for testing. It would be interest-. 
ing to know what routine tests, if any, are carried out, whether ' 
permanent test arrangements are provided at the terminals, and . 
what provision is made for isolating the cables from the overhead |j 


lines. 


Mr. R. W. Palmer (at Stone): I would like to know why the ff 


manufacture of power cable in one long continuous length should 
have presented any novel problem to the industry, assuming that 
the individual conductors, tapes or armouring are allowed to be 
discontinuous at irregular intervals. A second query is on the 
use of the same type and weight of armouring for the deep-water 
section as for the shore ends. Telecommunication experience 
suggests that tidal movement and the risk of dragging anchors 
in shallow water demand greater mechanical protection than in 
the deep-sea sections. To press this point even further, has the 
electricity supply industry considered the British Post Office 
project to use deep-sea cables whose tensile strength is provided 
by a central core instead of by external armour, thereby avoiding 
the problems of kinking when laying cables whose mechanical 
strength is applied spirally on the outside of the cable? 

Mr. D. H. Tompsett (at Stone): It is tempting to speculate on 
the effect this achievement will have on the future development 
of this part of the B.C.E. Co. system. It seems probable that 


ultimately, and perhaps earlier than the authors envisaged, the} 
cost of energy from a large nuclear power station will be lower’ 
than that for either transmitted hydro-electric energy or local! 


fossil-fuel thermal generation. 
If present British practice were followed, a nuclear station 
would be sited adjacent to the Strait of Georgia, or on one of 


its branch waterways, and at an appropriate distance from the}| 
nearest centres of population. The problem would then become: 


one of transmitting the power from this site to the load. Study- 
ing Fig. 1, and indulging in a flight of fancy, one can imagine 
a nuclear power station located on Galiano Island supplying 


power both to Vancouver Island and also to the mainland. The: 
ultimate capacity of the cables would allow a total of 240 MW 
to flow in each direction, with the security of supply associated || 
Considering a 500 MW 


with two parallel a.c. cable circuits. 
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Station, however, it would appear desirable to increase the firm 
capacity of the mainland transmission. This purely hypothetical 
situation enables me to ask the authors what capacity six cables, 
similar to those described in the paper or specially constructed, 
might be expected to have if operated as three d.c. circuits. The 
rating and reliability of the submarine part of the transmission 
circuit would certainly be increased by this change, but perhaps 
the overhead-line section would require supplementing. 

For such a step to be economic, it would be necessary to show 


that the cost of the converting equipment was less than that of 


r 


the additional a.c. circuits required to give equivalent security. 
The corresponding losses would also need evaluation. How- 
ever, in view of comments in the paper about the difficulty of 
finding suitable routes for the crossing, it is possible that no 
further a.c. cables can be accommodated. This consideration 


_faises the more general issue of transmission routes, both cable 


and overhead line, in difficult or congested locations. 


} 


For all 
such cases, the use of direct current as an alternative to alter- 


hating current must now be given serious consideration. 


Mr. C. M. New (at Cardiff): Reference is made to a novel 
method of reducing the gas flow to the minimum if a cable is 


either severed or badly damaged. Should damage occur in the 
—100-fathom section, there would appear to be a differential of 


35 b/in? between the cable pressure and that of the water. 


What 


_is the minimum differential pressure required to prevent water 


from entering the cable? At this rate of flow of gas, how long 


will the installation maintain the position before further cylinders 


_accurate but very slow to carry out. 


of gas are required? 

During the war I was concerned with the Broadwell i.p. cable 
installation, and the method of gas-leak detection generally used 
was known as the ‘single-deck oxygen sandwich’. It was quite 
The method mentioned in 


the paper for comparing the flow rates at each end of the cable 
-should be much quicker, and I should like to know how long it 
_is estimated that it would take to make the gas-leakage location. 


The method of grappling and severing the cable is most 
interesting. Experience on the Isle of Wight cables, however, 
has shown that, while picking the cable up when first laid is 
comparatively straightforward by normal survey methods, the 
position is far from simple after added lengths and joints have 


been inserted. Grappling the cable is difficult enough, but to 


grapple it in the right place is almost impossible. Has this 
problem been given any thought by the authors? 
The temperature, humidity and quality control exercised in 


the manufacture of the cable is one of the main reasons for the 


success of the scheme and the already proved reliability of the 


installation. Such control had to be adopted when making 
cable in continuous lengths, and undoubtedly it has the effect 
of ultimately giving the customer an even better product than 
before. However, the one thing which does not appear to have 
been tested completely until the cable went into service was the 
lead sheath. I presume that complete faith had to be put in 
the lead press and careful control of the metal exercised. The 
authors then had to hope that no case of porosity in the cable 
sheath occurred. However, their views on this matter would be 
welcome. 

Mr. J. A. Rees (at Cardiff): What consideration was given, 
during the design of a 15-mile continuous length of cable, to 


‘problems which could arise from changes of length, owing to 


temperature changes ? , : 
These problems would be mainly associated with stresses 


induced in. the component parts of the cable owing to their 
different coefficients of thermal expansion. They would pre- 


‘sumably be more serious after the cable ends were secured, when 


no relative movement could take place between, say, the copper 


conductor and the steel armouring. 
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Mr. R. W. Steel (at Cardiff): The economics of the cross- 
Channel submarine cable scheme are based on the diversity 
between the load on the Continent and in Great Britain. In the 
project described in the paper, the economics are based on the 
difference between the cost of hydro-electric energy on the main- 
land and steam-generated energy produced on Vancouver Island. 
Is there any diversity between the load on the mainland and that 
on Vancouver Island, and if so, was this taken into account in 
preparing the scheme, and what proportion of the whole does 
it amount to? 

Mr. L. J. Archer (at Liverpool): I am interested to note that, 
from load studies made several years previously, it was decided 
that the additional supply would be required in 1956, and that 
the cables were commissioned on the 25th September of that 
year. We are not told the date on which the final decision 
regarding the submarine cable was taken, but it is obvious that 
this must have been a fairly long-term project and that the 
decision must have required a certain amount of courage. When 
long-term decisions of this nature are taken there are occasions 
when the changing picture during the preparatory stages causes 
doubts to arise about the correctness of the decision. It is 
obvious that what may be called a ‘point of no return’ is reached 
fairly early in the proceedings, and that a decision once taken 
must be adhered to. I should be interested to know how close 
was the agreement between the estimated (and presumably 
manufactured) lengths of cable and the actual lengths installed. 

On learning that three incidents during manufacture required 
the use of the reconstituted joint and that an accident during 
laying required the use of a submarine repair joint, my first 
reaction was disappointment. On further reflection, however, 
I think that this is a shortsighted view. There is surely some 
advantage in having these joints tested in service, no matter 
to what tests they had been put during development. 

I should be interested to know the essential difference between 
the cable described in the paper and the gas-filled cable of Beaver 
and Davey. 

I am sorry that no details are given of the reasons for choosing 
the pre-impregnated cable. An obvious one is the difficulty of 
impregnating the completed 16 miles of core, but when one 
considers the other difficulties which have been overcome in 
connection with the project, I wonder whether that is the only 
answer. Another difficulty would obviously be that of com- 
pound migration, particularly on the portion of the route 
adjacent to Galiano Island where gradients approach 1 in 5. 
There might be no advantage in improving the electric strength 
because the resultant reduction in thickness would cause an 
increase in charging current. The charging current already 
represents some 6% of the total sending-end current. 

It would be interesting to know the proportion of the 
‘sheath, reinforcement and armour’ losses, comprising some 
46% of the total losses, which is due to the armour. It seems 
a pity that the idea of using non-ferrous armouring had to be 
abandoned. 

I wonder whether the possibility of increasing the conductor 
size at the shore ends was considered. Such an idea seems to 
follow from the lower operating temperatures of the under-water 
section, which means that the rating is determined by the shore 
ends, and also from the fact that the sending end (which may 
perhaps be either end according to operating conditions) has to 
carry, in addition to the load current, the current to supply all 
the losses and also the quadrature charging current amounting 
to 180amp and resulting in the 6% increase mentioned above. 

Finally, I should like to ask whether p.v.c. was considered as an 
anti-corrosion protection, and, if so, the reason for discarding it. 

Mr. H. M. Fricke (at Birmingham): I would like to have more 
information about the rubber sheath which would be required 
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to withstand, on occasions, a voltage of 10kV. I assume that 
the rating of the cable was decided by the shore ends. Why were 
the shore ends not floated ashore on empty drums, and why was 
the continuous-extrusion type of lead press not used ? 

Mr. L. L. Tolley (at Birmingham): The cable is built up with 
a core and insulation and then a lead sheath, which is the water 
barrier. I remember that when, some 30 years ago, we laid a 
telephone cable across the Straits of Dover, with paper core and 
lead sheath, it gave a lot of trouble. I was able to examine 
sections of the sheath, and it was clear that it had failed from 
normal fatigue. It seemed that the cable had been looped across 
the little valleys of the sea bed, and as a considerable tide runs 
in the Straits of Dover it had swung to and from and fatigued. 
I notice in the paper that, although in the Vancouver Island 
strait there was a tidal current, the bottom current was not very 
high, i.e. about 1 knot, and it may be that no trouble would 
arise, but I would like to know whether there has been any 
indication. 

My next point relates to the gas pressure in the cable. If 
the lead sheath were cracked the gas would have to flow 
from the spiral duct through the paper insulation, and even 
after it had passed through the crack, there would still be the 
rubber tape over the sheath. Would the rate of flow be sufficient 
to indicate with certainty that there was a crack in the sheath? 
It is mentioned in the paper that the gas supply to the spiral 
duct is so arranged that, if there were a serious failure, it would 
provide enough gas to prevent water running up the cable. In 
the case of a cracked sheath—not a fractured cable—when the 
gas has to pass through the paper insulation, can an estimate 
be made of how far the water would spread in from the outside 
despite being opposed by the pressure of the gas from the inside? 

In the event of a repair requiring the services of a cable-laying 
ship, where is the nearest cable ship to Vancouver Island which 
could cope with this cable? Alternatively will an adapted scow 
be used instead of a cable ship? 

Mr. H. S. Davidson (at Birmingham): This is the first time a 
pressure cable has been used in an undertaking of this kind, 
and I think that it is about the third-longest length of submarine 
power cable that has been laid. In the past, experience of 
submarine cables has been gained mainly on telegraph cables. 
Of the damage caused to such cables in the English Channel, 
some 50% of the faults have been caused by shipping, anchors, 
trawls and the like. I suppose it is too early to know what is 
likely to happen to the cables described in the paper. It will 
be of interest to see whether they do suffer in this way, as the 
authors mention that there is a considerable amount of shipping 
traffic in the Strait of Georgia. 

With reference to the method of dealing with the cable after 
a fault has been located, I feel quite apprehensive about the cable 
being cut by means of an explosive charge, and reliance being 
placed on the gas pressure to prevent water from entering the 
cable. I presume that there could be a leakage of gas for some 
time, and that very special precautions must be taken to ensure 
that the gas supply cannot fail. I should like to know what 
these precautions are and how the danger of exposing the cables 
to water is completely eliminated. The time taken to make a 
joint after the recovery of a faulty cable is given as about 24 
hours, but, in the experimental work done on the cross-Channel 
cables, a time of 8 hours was considered to be desirable and 
possible. 

Mr. G. S. Buckingham (at Birmingham): This great achieve- 
ment can be regarded as the successful outcome of the merging 
of two great cable-making companies. One recognizes the 
practice of using pre-impregnated paper insulation—it would, of 
course, be impossible to impregnate such very long lengths of 
cable after insulation—and the use of short-lay reinforcement 
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with wide bronze tapes. (The use of separate longitudinal and > 


circumferential tapes on gas-pressure cables has given trouble 


and the authors’ comments on this decision would be valued.) | 
We are all interested to know how underwater faults can be |} 
repaired on these cables. We are bound to ask such questions, |} 
as our own experience makes us aware that cables do get | 
damaged. | 
It is clear that the authors are prepared for any emergency. |} 


The spare cables should provide time for repairs to be made even 


when bad weather delays progress. It is also clear that they 
have done everything that skilful design and precision engineering |} 


can do to protect the cables from internal or external damage. 
I notice that this also includes galvanized-steel wire in place of 
aluminium-wire armouring, although the resulting losses are 
much greater. 

Mr. J. H. Addenbrooke (at Birmingham): Are these cable routes 
marked on navigational charts, because I notice that the cables 
are laid in both Canadian and United States waters? I take it 
that the problem of laying cables is more difficult if one does not 
have local control of the waters, such as when laying cables in 
the English Channel. 

Mr. A. Shaw (at Birmingham): It is most unusual to have 
single-core power cables armoured by the use of steel wires. 
The electrical losses must be considerable, and, of course, they — 
are present during the whole life of the cable. 
give some idea of the losses on these 120 MW cables? 


As no gas cylinders seem to have been attached to the cable | 


ends during shipping and laying operations, what pressure, if any, 


was maintained in them? If there was no pressure inside the } 
cables, was there not a danger of losing a considerable length} } 
owing to the ingress of water, in the event of accidental damage © 


to the lead sheath? It would be interesting to know how long 
it took to gas 14-7 miles of cable after completion. The use of 
pre-impregnated paper insulation would, no doubt, prevent the 
usual compound blockages encountered with conventional gas- 
pressure cables. 

Although the cable was manufactured in complete lengths, 
the individual strands of copper and steel would have had to 
be jointed as bobbins on the machine becoming empty. What 
methods were used to joint the copper and also the steel strands? 

Mr. R. A. York (at Birmingham): It is interesting that use is 
not made of longitudinal reinforcing tapes in the cable. 


nated pressure cables owing to the longitudinal tapes becoming 
buckled and the lead penetrated. The different type of rein- 


forcement used on this cable, and the fact that it was not gassed — 
until it was laid, may show the way to a solution of the trouble | 
we have experienced, since, at present, it is not known whether | 


the cause was the locking of reinforcing tapes. 


In the | 
Midlands we have experienced a number of gas leaks in impreg- — 


| 
| 


It seems unusual that two spare cables were needed for a 


single 3-phase circuit, but only one for two 3-phase circuits. 
This indicates that, since the laying of the first circuit, greater 
confidence has been gained in the installation. 

Mr. G. F. Peirson (at Birmingham): The authors state that it 


| 


| 


had been decided that the cable should not be pressurized before 


transit, so that it would remain flexible for laying. Therefore, 


is any difficulty anticipated should the need arise to recover the | 
cable in order to repair a fault? I have in mind the possibility | 


of the cable being relatively rigid owing to the expansion of the 
lead sheath within the armouring, which was rather more than 
hinted at in the paper. 


Mr. W. Holttum (at Brighton): The pattern for future long | 


submarine links may be taken as being set by the use of the 


gas-pressure type of cable, which can be regarded as the only | 
practicable one for such work. The attraction of the more > 
homogeneous insulation of the oil-filled cable is nullified by the | 


Could the authors |} 
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. A 
difficulty, probably insurmountable, of dealing with oil expansion 
- flow under both operating and repair conditions, and the 
-as-pressure type seems likely to receive a boost from its use 
in this case. 

q A notable feature of the undertaking is the extensive sea- 
installation trials carried out. The paper refers to the con- 
‘Structional details of the cable design which emerged, and it 
would be of value if the authors would state fully: just what 
influence the sea trials had on the cable design and also on the 
‘method of installation, which could not otherwise be foreseen. 
A very interesting feature of the cable is the opposing of the 
twisting forces of the reinforcing tapes and the armour wires in 
order to minimize the tendency to throw a kink, although 
apparently the tendency was not positively eliminated in view 
of the statement in Section 9.3.3 that it was decided to lay with 
a residual tension. The use of double-wire armour should give 
More definite stability than the opposing of the torques of two 
quite dissimilar components of the cable. Coiling down could 
be provided for by leaving room for tightening between the wires 
of the inner layer. While this would probably result in the use 
of thinner wires to keep down the quantity of material, experience 
‘Suggests that the risk of corrosion can be disregarded, and any 
reduced resistance to abrasion might be tolerated for the sake of 
positive elimination of the twisting tendency. The authors’ 
views on this matter would be of great value. 

The decision to make a land trial of the scow method of 
laying to the shores, no actual scow being available, is a little 
‘difficult to understand since the real issue would be the behaviour 
in sea conditions and not verification of the principle. 

Fig. 6 shows that an additional sealing-end insulator was used 
at each termination in order to provide for insulating the gas 
connection. Why was the usual construction of an insulating 
‘pipe inside the sealing-end insulator, as for a cable with no gas 
‘duct thus enabling connection to be made to the gland, not used? 

With regard to the Tsawwassen termination, would the authors 
state the gradient in the tunnel, the spacing of the cable racks, 
and whether the cables are clamped in each rack? 

Mr. L. H. Fuller (at Brighton): I think that a Table showing 
the total estimated costs of the alternative projects would have 
been instructive. I wonder whether consideration was given 
to the availability of reinforcement from the Bonneville Power 
Administration network (using perhaps the B.C.E. Co. system 
power) over the collection of American islands on the same 
parallel as the Brentwood Bay station. These islands seem to 
be separated by comparatively narrow channels, although I 
appreciate that at least one will be a main shipping track. In 
connection with these shipping tracks, was any interference 
experienced during the laying operations or did the local fisher- 
men keep clear? I remember Signor Bianca saying that they 
had great difficulty with local craft during the construction of 
the Sicily crossing, which was admittedly overhead. 

It is interesting to see the use made of the cable during the 
first four months of operation, and I should like to know the 
reason for the considerable reduction in load factor during the 
months of November and December. 

I assume that the spacing of 500yd in the Strait of Georgia 
was chosen to minimize ships’ anchors fouling more than one 
cable at any one time, noting that 250yd spacing is used in the 
Trincomali channel. 

The very exceptional measures rightly taken during the manu- 
facturing stage will ultimately prove of benefit to ordinary cable, 
which, as we all know, sometimes suffers from difficulties ascribed 
to indifferent, or lack of, supervision at some stage or other. 

’ Mr. J. L. Harland (at Brighton): I was present at the trials 
carried out off Dover in 1953, and my strongest recollection is 
of the practical difficulties which were encountered. For 


instance, it might not be appreciated that, when making a joint 
on the deck of a cable ship, the ship riding at anchor will turn 
through 180° when the tide changes. Moreover, if matters are 
not well arranged, the next tidal change may result in a further 
turn of 180° being applied to the cable ends emerging from the 
water instead of the removal of the original rotation. 

No doubt the authors considered the type of damage to a 
submarine cable which could be caused by a dragging anchor, 
and I wonder whether the situation could arise where the cable 
had parted except for the central spiral steel duct. In this case, 
would it be possible for the duct spiral to be pulled out of the 
cable on each side of the damage for an almost unlimited 
distance? 

Dr. T. Ingledow, and Messrs. R. M. Fairfield, E. L. Davey, 
K. S. Brazier and J. N. Gibson (in reply): The cable cost was 
approximately 40% of the total cost of the interconnector and 
75% of the submarine section. The economy effected by using 
a smaller conductor for the submarine portion was considered 
to be outweighed by the importance of continuous lengths. 
The thermal resistivity of the sea bed was based on existing 
data. 

The pre-impregnated dielectric was chosen because continuous 
manufacture was possible and there was no risk of choking the 
gas channels; also the permittivity of this type of dielectric is 
low, which is important for long-length a.c. installations. 

The rigid joints were checked for gas tightness by vacuum 
testing before being lowered into the sea. Monel metal was 
used for the gastight enclosure because it is non-ferrous and 
has a high corrosion resistance and high mechanical strength. 
Aluminium alloy was used for the casing because of its lightness 
and high corrosion resistance. 

The cable spacings in relation to the depth of water were such 
that any cable could be recovered without damaging another. 
The slightly higher reactances quoted for the closer-spaced cables 
probably arise from limitations of the Bosone formula which 
was used for the calculations. Measurements were not made. 

A voltage of 10kV can exist between the armour and the 
gas-retaining sheath when an impulse passes through the cable. 
The armour and gas-retaining sheath are bonded and earthed 
at each end. The circulating current in the sheath, reinforce- 
ment and armour amounts to 100% of the conductor current. 

A separate sealing-end insulator was used for the gas con- 
nection to ensure that there was an adequate and safe gas feed 
for the very long lengths of cable, and this could be isolated 
for maintenance. The gas charges the space above the com- 
pound in the sealing end via a Neoprene ‘leak gasket’ on the 
underside of the plate forming the bottom of the dome, and 
when depressurizing, the gas in contact with the compound 
escapes via the gasket. The time to release the pressure on the 
system is not controlled by any difficulty with the compound in 
the sealing end but merely by the volume of the gas in the 
cable. The setting of the arc-gaps was somewhat higher than 
those on the overhead lines connected to the cable. 

The sheath reinforcement used was the compensated type on 
which satisfactory experience with land cables has been avail- 
able since 1937. Pressurizing of the cable tends to render it less 
flexible by forcing the sheath into contact with the reinforcing 
tapes, while subsequent handling will loosen the tapes so that 
the sheath distends further after re-pressurizing. These effects 
are cumulative, and limiting the number is therefore beneficial. 

The insulation was reversed in order to reduce the torque on 
the conductor during lapping. The first reversal was made after 
48 papers had been applied, so that the gas spaces at the reversal 
position are subjected to a lower electrical stress than that at 
the conductor surface. It is preferable electrically to apply 
paper tapes with the same direction of lay throughout, and the 
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practice adopted is a compromise to satisfy the electrical and 
mechanical requirements. : 

The low-pressure gas alarm was fixed at 250 Ib/in?, and the 
time taken for gas to pass through the 15-miie length was two 
hours. 

For convenience, points of individual interest raised by 
speakers are answered as follows: 

Mr. Bishop.—The economy achieved by using a stress of 
100kV/cm is limited by the charging-current effects. It was 
considered desirable, in view of the mechanical duty imposed 
by handling and laying, to increase the overall factor of safety 
of the cable by using the lower design stress of 85k V/cm. 

No final examination of the cable over the ridge off Galiano 
Island was made. We found that existing cable ships can quite 
easily be adapted for power-cable laying. The factory joint 
broke down at 640kV impulse voltage. 

Mr. Cundall.—The consulting engineers brought to bear on 
the project their broad knowledge and experience and critical 
faculties, which were of great benefit. 

It was considered that aluminium sheathing could not be 
adapted to continuous-length manufacture. Furthermore, its 
stiffness would introduce undesirable complications in handling, 
coiling and laying. 

Mr. Queen.—The zero-sequence impedance was approximately 
1-32 ohms per mile of 3-phase link. The cables are solidly 
bonded and earthed at each end of the run, and the maximum 
earth-fault current is roughly 20000amp, calculated on the 
assumption that there is a fault at the mainland end of the 
long length. 

The cables are not used as part of a telephone communication 
system. 

The lead press used was the Glover tray type, which produces 
a sheath with no weld weakness, while the recharging times are 
limited sufficiently to avoid risk of damage to the paper insulation. 

The effects of air and humidity entrained in a joint are neg- 
ligible and no precautions are necessary. When cutting the 
cable with an explosive grapnel the latter is destroyed. No 
drying out of the cable is necessary during fault-clearance 
operations. 

Mr. Peters.—The question of shedding load to resynchronize 
after a fault has been resolved by the installation of a second 
circuit in July, 1958. One circuit of three cables and a spare 
was originally planned. The fifth cable was eventually included 
as a further standby in view of the importance of supply con- 
tinuity, the pioneering nature of the project, and the fact that, 
if successful, a double circuit of seven cables would be installed. 
No problem has arisen owing to the high charging current, even 
at times of light load. 

The jute serving over the armour is required during manu- 
facture and installation to prevent ‘bird caging’ during coiling, 
and is ineffective once the cable has been laid. Past experience 
has shown that the armour wires are satisfactory from the 
abrasion and corrosion aspects while in direct contact with the 
sea water. 

Mr. Wallace.—After a repair the extra length of cable would 
be laid out in the form of a bight on the sea bed to avoid any 
tendency to kink. Bronze armouring was considered but was 
ruled out on the score of cost. 

Mr. Mather.—In the event of damage to the cable the gas 
pressure can be maintained indefinitely by feeding in gas at the 
ends to prevent ingress of water to the installation. In the case 
of a cable sustaining damage in two places, it would probably 
have to be cut and the position of the leak in each section 
located separately. 

Mr. Roscoe.—The reactance between the various cores does 
not affect the carrying capacity of the cable, 


Mr. Hastie.—The cable dielectric was designed in accordance | 
with the Beaver-Davey patent. We have stated that it is unsatis- |} 
factory to leave the screened cable exposed to the atmosphere |} 
for many weeks, and actually the safe time of exposure is of ||j 
the order of days. The lapping machine is enclosed, so that, || 
in the case of breakdown necessitating several hours of stoppage, 
the whole enclosure can be reduced to a very low humidity. 
The paper tapes between the lapping heads and the cable are 
exposed in single-thickness form, which is the worst condition for |} 
pick-up of moisture. No control of the atmosphere in contact }j 
with the cable is necessary once the unperforated overlapped | 
copper tape screening has been applied. The use of a small 
press resuics in more uniform temperature conditions owing to | 
the more frequent but shorter-time recharging stops. Stop jj 
marks are of similar quality to the sheath itself. q 

Mr. Henderson.—On the reconstituted joint the pipe is swaged |} 
down tightly on to the cable over the whole length, so that there. 
is no clearance between the pipe and the cable. No difficulty 
was encountered owing to the cable pressure on the bottom 
turns. Exhaustive tests were taken initially on this aspect. The: 
vulcanized-rubber sheath was fully cured after three minutes. | 

A d.c. transmission would not have been economic for a 
one-way transmission project of this power and distance. On 
the cross-Channel link a d.c. system has the technical advantage : 
that the control of flow of power is independent of the frequency. 

Mr. Marshall.—The lead-sheath thickness was checked every |j 
two hours. The variations did not exceed 10mils, and they | 
were corrected by the use of an adjustable nut. The optimum | 
armour lay of 12 times the pitch-circle diameter was based on 
coiling, bending and actual sea-trial experiments in which kinks . 
were produced. The sheath shrinkage was based on ensuring | 
that along the whole length of cable it was definitely compressing } 
the dielectric at the minimum-diameter sections. i) 

Mr. Pimble.—The load growth was due partly to industrial |j 
and partly to domestic demands. All the cables are employed | 
in turn for the actual circuits. The reason behind the choice of 
telephone exchanges in preference to supervisory equipment is} 
fully dealt with in a paper by Wilkinson and Rohrmayer.* | 

The test arrangements are provided at the terminals, but since ; 
the cables are used in turn, no routine tests are carried out. | 
The cables can be isolated from the overhead lines. 

Mr. Palmer.—Cable manufacture in one long continuous} 
length is impossible with all but the type chosen, because of’ 
impregnation difficulties. The cable lengths are limited on! 
account of the size of the impregnating vessels. 

The immersed-weight/diameter ratio of the power cable is so) 
much higher than that of telecommunication cables that there’ 
is no risk of movement anywhere along the routes under tidal | 
action. On the shore ends, articulated cable protectors were: 
used for mechanical protection. 

For the installation in question the external armour was; 
necessary for mechanical protection of the cable. Kinking was: 
virtually eliminated by applying the reinforcement opposite hand | 
to the armour. . 

Mr. Tompsett.—Six cables similar to those described in the} 
paper would carry approximately 1GW of power if operated as; 
three d.c. circuits. We agree that a d.c. submarine cable trans-. 
mission requires less space than an a.c. scheme, but the scheme: 
must be sufficiently large and extensive to justify the capital cost 
involved by the use of the d.c. equipment. 

Mr. New.—When the cable is cut under water the gas pres- 
sure falls to that of the external water. It is essential, when) 
the pressure has fallen to the low-tide value, that the gas feed! 
shall be sufficiently rapid to ensure that the internal gas pressure: 


* WILKINSON, S. B., and RouRMAYER, A.: ‘Relay Protection and Control of thes 
132kV Underwater Cable Tie between Vancouver Island and the B.C. Mainland’, | 
Transactions of the American I.E.E., Paper No. 57/670 presented June 24-28th, 1957. | 


i 
is always above that of the rising-tide value. The initial 
differential of 351b/in? is ample. The installation will be main- 
tained for two to four weeks by the gas supply on site. Gas-leak 
location would probably take several days. We agree that 
grappling the cable in the right place might present some 
difficulties in practice. 

_ An extensive programme of tests had established the per- 
formance of the lead press and the operating, instrumentation 
and other control requirements to ensure that the quality and 
‘uniformity of the sheath were of the high standard required. 

Mr. Rees.—When the conductor of a submarine cable is 
heated, excess expansion occurs in the conductor relative to the 
Sheath, reinforcement and armour. This is accommodated. by 
an increase in the pitch circle of the strand wires, which should 
hot exceed approximately 1% at the strand surface to avoid 
bursting of the metallized papers. To achieve this, the stranding 
lays were made somewhat shorter than normal. 

_ Mr. Steel—No account was taken of the diversity between 
_the load on the mainland and Vancouver Island when preparing 
_the scheme. ; 
__ Mr. Archer.—The final decision on submarine cables was made 
in February, 1954, when the order was placed. Extra cable 
allowed on the long lengths was used as maintenance cable. 
The agreement between the estimated and actual length installed 
was within 2-3 %. 
_ The essential difference between the original Beaver-Davey 
gas-filled cable and cable used in the scheme was that, with 
the former, the sheath was loose and the gas passed down the 
annulus under the sheath, whereas, in the latter, the sheath 
was tightly applied and the gas passed down the hollow 
conductor. 

Approximately 50% of the combined sheath, reinforcement 
-and armour losses are in the armour. Without the armour, the 
sheath and reinforcement losses would have been 92% of the 
total losses due to the wide spacing of the cables. Rubber is 
considered superior to p.v.c. as an anti-corrosion protection, 
since it is more elastic and is a better mechanical protection 
against vibration. 

Mr. Fricke.—The scow method was preferred to the floating- 
drum method because of the dog-legged approaches at the three 
island terminals, while, on the mainland terminal at Tsawwassen 
Beach, the cable had to be pulled up a 180 ft cliff after landing. 

The reciprocating ram press is considered superior to the 
continuous screw press for extending alloy ‘E’ sheathing in long 
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continuous lengths involving 600 hours’ or more duration of 
extrusion, 

Mr. Tolley—No movement of the cables should occur under 
the effects of tidal currents since the immersed-weight/diameter 
ratio of the cable is relatively high. Experience has shown that, 
with a cracked or split sheath, no water ingress whatever occurs 
on a gas-filled cable over a period of months. A cable ship 
would be required for a repair in the Georgia Strait. 

Mr. Davidson.—No trouble of any sort has occurred up to 
August, 1958. With the cable being cut under water, a positive 
gas flow ensures that no appreciabie water ingress can occur. 

Mr. Addenbrooke.—The cable routes are marked on navi- 
gational charts. Only one minor case of installation difficulty 
was encountered because of lack of complete control of the 
waters. 

Mr. Shaw.—A pressure of 101b/in? (gauge) was kept on the 
cables during laying until the landed ends were opened for 
terminating. Serious damage to the sheath during laying might 
have resulted in the loss of a considerable length of cable. The 
normal methods, i.e. welding, were used to joint the copper and 
steel strands. 

Mr. York.—Greater confidence has been gained since the 
laying of the first circuit. 

Mr. Holttum—The compensated reinforcement design, and 
also certain modifications on the scow method of landing, arose 
from the sea trials. The use of reversed-lay double-wire armour 
would result in a loss of flexibility of the cable. The gradient 
in the tunnel at the Tsawwassen termination was approximately 
1 in 24. The cable racks were spaced at 8ft intervals, and the 
cables are clamped in each rack. 

Mr. Fuller—The transmission from the mainland to Van- 
couver Island involved two submarine sections, whereas a trans- 
mission from the Bonneville Power Administration would involve 
many sections. One case of interference by a local fisherman 
occurred during the laying operation. 

The September and October figures in Table 4 were boosted 
by energy transferred to the British Columbia Power Commission 
at Stratford, while the November and December figures were 
reduced since half the energy was transferred back to the 
B.C.E. Co. 

Mr. Harland.—The central spiral steel duct has a very low 
tensile strength indeed, and there is no possibility of its being 
pulled out of the cable at each side of the damage for any 
appreciable distance. 


DISCUSSION ON 
‘D.C. WINDER DRIVES USING MERCURY-ARC RECTIFIER/INVERTERS”* 


Before the NorTH STAFFORDSHIRE SUB-CENTRE at HANLEY, 3rd he a the SOUTH-EAst SCOTLAND SUB-CENTRE at EDINBURGH, 
[st April, 1958. 


Mr. T. Storrs (at Hanley): The authors state that the efficiency 
of a rectifier drive is considerably greater than that of either a.c. 
or Ward Leonard drives; case 4 in Table 2 approximates our 
Hem Heath Koepe winder, and the power consumption of the 
Ward Leonard set is 103% compared with 100% for the rectifier 
winder. The authors also mention that on larger units it may 
be necessary to install temperature-control equipment and sub- 
station ventilation auxiliaries. Would these considerations show 
much variance of the percentage figures quoted, and in view of 
the lower power factor of the rectifier winders and probably 


* ABRAM, L., MCBREEN, J. P., and SHERLOCK, J.: Proceedings I.E.E., Paper 


‘No. 2324 U, February, 1957 (see 105 A, p. 77). 


resultant higher maximum demand, would the cost per wind— 
which is more important than the power per wind—be less 
favourable for the rectifier winder? 

The comparative power consumptions shown in Table 2 cover 
large rectifier units, and to my knowledge the only installation 
in this country is the 350h.p. Monk Bretton winder; do the 
figures obtained in practice support those given in the paper, 
which are presumably calculated ones? 

I cannot understand the reference to acceleration limit in 
Section 5.2.4. In a good closed-loop system the control circuit 
should be such that the cam-gear reference or the movement of 
the driver’s lever will always prevent the natural deceleration 
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from taking charge. If the natural retardation is too great, it is 
obvious that the power will be required to control the winder to 
correct retardation, and this makes it all the more important that 
the change-over from power to braking and vice versa is carried 
out as quickly and as smoothly as possible. I should like the 
authors’ comments on this feature of the Monk Bretton winder. 
Do they think that the installation is considered a good closed- 
loop system with good acceleration and retardation control? 

Which type of rectifier installation would be used on units of, 
say, 2500h.p.? Would it be on a large single rectifier or a bank 
of smalier rectifiers? What would be the effect of a backfire 
occurring in either case, and should simultaneously an emergency 
trip occur, would regenerative braking be available? Since on 
the larger winder units this would be effected by first weakening 
the field to zero and then increasing it in the opposite direction, 
would the tendency of the winder motor to accelerate under these 
conditions aggravate the conditions which initiated the primary 
trip? 

Finally, why was the Monk Bretton winder supplied at 3-3kV 
instead of direct from the 11kV supply? Is there any inference 
that on large winder installations mercury-arc rectifiers could 
not be used on higher voltages, with possible saving of double 
transformation losses and additional capital outlay ? 

Mr. D. B. Russell (at Hanley): The authors state that for good 
control the winder must have adequate speed of response. I 
presume this refers to torque response, since the speed response 
would be limited by the acceleration control. If no acceleration 
control were present, the speed response would depend upon the 
torque available from the motor, the size of which is determined 
by the winder duty and is sufficient to supply the acceleration 
and retardation peaks. The speed response available will there- 
fore depend upon these factors. Is it suggested that the motor 
size might have to be increased to obtain the required speed 
response? 

In seeking to advance the use of rectifier-controlled winders, 
the authors have over emphasized the disadvantages of a.c. 
winders. The control gear for an a.c. winder is no more than 
that required for a rectifier scheme, and the present restricted 
torque range of the former could be improved by suitable liquid- 
controller design. 

Mr. L. Goodall (at Hanley): The paper deals in detail with a 
300 h.p. winder, but winders of 6-8 times this size may have to be 
considered. The paper, however, gives information which indi- 
cates the effects which may arise with larger winders. While a 
2500h.p. motor supplied from a 6-6 or 11kV system may not 
present undue difficulties when starting, say, once per day, the 
problem is entirely different when such a motor is started once 
per minute, since the voltage drop cannot be corrected by 
automatic voltage control. Such conditions will usually neces- 
sitate a 33kV supply. With Ward Leonard starting the current 
demand from the supply increases gradually, because of the 
relatively slow building up of the generator field during accelera- 
tion, and the power taken is proportionate to generator voltage. 
It is assumed that, when supply is through a rectifier, the full 
starting power will be taken immediately and therefore cause 
more violent fluctuation. 

With rectifier winders further difficulty will be introduced by 
the harmonics. This may be expected to result in increased iron 
losses in transformers, overloading of power-factor-improvement 
capacitors and possibly television interference. From the figures 
given in Table 3 and considering a motor taking 2 MVA from a 
typical 6-6kV supply through a 6-phase rectifier, it is estimated 
that the harmonic voltages produced might result in as much as 
30% overload in any capacitors connected to the system. Is it 
therefore contemplated that a 33kV supply and at least 12-phase 
rectification will be provided for all large winders? Television 


and that where rectifier winders are to be installed the prob- 


aor tml 


interference has been caused by 1-5 MW of ordinary rectifier |) 
load on a 6:6kV system with a short-circuit value of about I] 
40 MVA. ; i 

I consider the second sentence of Section 7 is very important, |} 


lems arising should be discussed jointly at the earliest possible - 
stage by representatives of users, manufacturers and the supply 
authority. 1 | 
Mr. A. Gavrilovié (at Hanley): In Section 4.4.1 of the paper as 
presented at the meetings the authors obtained the following |} 
results for the peak inversion at twice full load with the supply |} 
voltage 20% low: B = 39:5°, w= 21° and 6 = 18°. During |} 
the discussion at Manchester* I pointed out that at twice full load q | 
the effective reactance was 18%, giving u = 21°, and if the jj 
commutating voltage were simultaneously 20 % low, the reactance 
would be 22:5% and u would be 34°, leaving only 5:5° for 
deionizing. This part of my contribution, which was omitted |} 
after the paper had been modified, was followed by a question |] 
on how the deionizing time was measured, since I doubted 
whether a power convertor at twice full load would, in fact, 
deionize in less than 5°. Mr. Hammond also pointed out (p. 94) 
that the authors had failed to allow for an increase of effective 
reactance when the supply voltage was reduced. The authors 
subsequently modified their calculation, but, in order to obtain 
sufficient deionizing time, claimed safe inverter operation only 
down to 85% supply voltage; and since they did not indicate |} 
that Section 4.3.1 had been rewritten, both Mr. Hammond’s 
remarks and mine need clarification. 
In everyday design the overlap is calculated when estimating 

the power factor, which is done at normal supply voltage. A 
transient increase of overlap has no effect on rectifier operation, | 
but may cause maloperation of an inverter. This is the reason 
why a rectifier engineer may make this mistake when considering 
the inverter operation for the first time. 


ADDITION OF MOTOR 
AND RECTIFIER 
VOLTAGES — 


| 
MOTOR VOLTAGE 


Fig. B | 

In Fig. B it has been assumed that, owing to transient reduction | 
of supply voltage at t,, the overlap, u’, was so large that the: 
convertor failed to deionize in time 6’, and anode 1 therefore | 
picked up current again at time f,, and ‘followed through’ into | 
the rectification region; a short-circuit thus resulted. It is clear: 
that even a voltage reduction for only a cycle or two can result | 
in this inverter maloperation. . 

The method of calculating the deionizing margin by having to} 
calculate both 6 and u is cumbersome and can lead to mistakes. | 
The following equation, giving 6 directly, can be obtained: 


Vin + VV — V,) —SV, 


cos 6 = 
XViao 


where V,, = Motor voltage. 
Vio = Convertor theoretical no-load direct voltage. 
x = Fraction of the instantaneous supply voltage. 


* Proceedings I.E.E., 1958, 105 A, p. 89. 


6 = Deionizing margin. 
V;,, = Reactive voltage drop at full load. 
V, = Resistive voltage drop at full load. 
y = Fraction of direct load current. 
V, = Arc drop. 


_ From the data given Section 4.3.1 for twice full load and the 
supply voltage 15% low we obtain 


500 + (29-12) x 2 — 22 
643 x 0-85 
= 0-938 


= 20-3° 


cos 6 = 


= 
» 


= 

so that 
_ This method of calculating the deionizing margin is shorter and 
safer than the indirect method normally employed. 

_ Mr. O. L. Robson (at Edinburgh): The general requirements of 
winder control set out in Section 2.4 impose somewhat severe 
limitations, but these are functions of the control system rather 
than of the power source; and since these have been met over 
many years with the older forms of drive, there should be no 
serious difficulty in meeting them with the rectifier/inverter drive. 
_ The arguments put forward in Section 3.3 in favour of rectifier 
drives, namely no special foundations, static equipment requiring 
little maintenance, reduced dimensions, higher efficiency and 
therefore less heat to be dissipated, are well known and are not 
peculiar to winder drives, but nevertheless are very important in 
this particular application. If there were no compensating 
disadvantages—and it may be that the authors consider that this 
is the case—there would be no question but that the recti- 
fier/inverter was the correct type of equipment to adopt for winder 
drives to the exclusion of all others. 

- It is obvious that, from the economic aspect the figure-8 con- 
nection cannot be considered in comparison with the figure-0 
connection; but it is unfortunate that the use of the latter neces- 
Sitates either armature switching or field reversal of the motor. 
In armature switching it is obvious that one contactor must open 
before the other closes, and yet the time during which the winder 
is running free must be minimized. Is it necessary to use special 
high-speed contactors on this account, and what do the authors 
consider the maximum time for which this free running can be 
tolerated ? : ae 

_ In Section 4.3.3 I am sorry to see the authors referring to a 
triple-star connection instead of using the nomenclature of 
B.S. 1698, which is also used by the I.E.C., namely fork connec- 
tion. This is particularly unfortunate, since reference is then 
made to double-star connection, which certainly does not bear 
any two-thirds relationship to the so-called ‘triple-star’. The 
fork connection, although not used as frequently as the double- 
star, is in quite general use for rectifier transformers, and is in 
no way less conventional than the latter. 

In Section 4.4.3 the authors state that ‘in the case of backfires, 
both the a.c. and the d.c. protection must function rapidly 
enough . . . to prevent any undue gassing in the rectifier, which 
would cause permanent damage’. While this is true of the 
pumpless rectifier, the pumped type—which seems to be generally 
out of favour in this country—is not permanently damaged by 
excessive gassing, and is quickly restored to condition by the 
operation of the vacuum pumps. 
~ In Section 4.4.4 it is recommended that the ambient tempera- 
ture be controlled above a minimum value of 15-20°C. Surely, 
if the authors are seriously laying down a recommendation for a 
minimum temperature, it would be better to be more explicit and 
not to give a margin of 5°C. While I agree that a temperature 
of this order is advisable, it must be remembered that Appendix A 
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of B.S. 1698 states that an equipment shall be capable of carrying 
rated current immediately on starting with all accessible parts at 
a temperature of not less than 10°C. 

Section 5, dealing with the control circuit, seems to be the 
crux of the whole installation. Is this system of control a novel 
one or have similar systems been used in the past with other forms 
of winder drive? 

I am pleased to note the very satisfactory results given in 
Section 6.3. The distorted load currents taken from the supply by 
rectifiers, even of the free-firing type, have frequently been blamed 
for troubles experienced on supply systems, and the negligible 
effect which this equipment has had on the supply is very 
gratifying. 

Messrs. L. Abram, J. P. McBreen and J. Sherlock (in reply): 
We propose to reply by subject rather than to deal with each 
speaker individually. 

Comparison between rectifier, a.c. and Ward Leonard drives.— 
The figures shown in the paper are calculated ones, and no 
data are yet available to indicate the power consumption obtained 
in practice. In arriving at these calculated figures, account has 
been taken of all the auxiliaries required for the different types 
of drive. The effect of temperature-control equipment is 
negligible, since heater losses will be less than 0:25 % of the total 
power consumed by the winder. 

Number of phases and peak loading on a.c. system.—With a.c. 
and rectifier drives the maximum current is drawn from the 
supply system at the start of the wind, while for a Ward Leonard 
drive it builds up as the winder speed rises. In any particular 
installation, this fact, as well as the frequency with which the 
load is imposed on the system and the permissible voltage regula- 
tion, is taken into account when determining the point in the 
supply system to which the load is to be connected. 

The Monk Bretton installation was supplied at 3:3 kV because 
of the nature of the distribution system at the colliery. There is 
no reason why larger installations cannot be supplied at higher 
voltages, and it is possible to reduce transformation losses and 
additional capital outlay by so doing. 

In rectifier installations, consideration must also be given to 
the effect of harmonics introduced by the load. In the latter 
connection, the C.E.A. Recommendation, ‘Harmonic Distortion 
caused by Mercury Arc Rectifiers’, would indicate that, for the 
40 MVA system quoted by Mr. Goodall, the maximum rectifier 
load to minimize interference would be 200kW for 6-phase 
operation or 750kW for 12-phase operation. 

Back/firing.—1n the event of a backfire the a.c. and d.c. proiec- 
tion is expected to come into operation and to produce a primary 
trip on the winder. The effect of this is to remove all electrical 
contro! from the winder and to bring it to rest by means of the 
mechanical brakes. Under these conditions, regeneration in the 
normally accepted sense is not available and there is no tendency 
for the winder speed to increase. 

Temperature control.—The operating conditions for winder 
drives is very different from that encountered in previous rectifier 
applications, and it is doubtful whether B.S. 1698 was intended 
to cover such applications. We are of the opinion that 10°C is 
too low a starting temperature for winding and similar duties, 
and a higher value is desirable depending on the rectifier design. 

Type of rectifier.—All rectifiers, whether pumped or purmpless, 
must have a permissible fault limit, whether it be imposed by 
considerations of gassing or of mechanical damage. We do not 
feel that there would be any advantage gained by using pumped 
rectifiers, since the fault limit is of the same order as for a similarly 
rated pumpless unit, while additional complication is introduced 
by the vacuum pumps which must be employed. 

Acceleration limit.—The system of acceleration and retardation 
limiting applied at Monk Bretton has the disadvantage that 
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acceleration can be limited only if positive torque is required, 
and retardation if negative torque is required, from the winder 
motor. In this respect it is inferior to that obtainable from a 
Ward Leonard system. It is for this reason that in Section 5.2.4 
we suggested that these limits be provided by controlling the rate 
at which the speed reference can change. 

Control system.—The requirements set out in Section 2.4 are, 
in our opinion, the minimum necessary for a satisfactory closed- 
loop control system. The system employed at Monk Bretton is 
similar in principle to others which have been used on Ward 
Leonard winders, but there are differences in detail. It is correct 
that rapid response of torque is required, since the acceleration 
limit imposes a limit on the speed response, and without accelera- 
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CORRECTION TO THE DISCUSSION 


It is regretted that Figs. B and C were omitted from Mr. Allen’s 
contribution to the discussion on Mr. Norris’s paper on page 632 of 
tans A (December, 1958). The contribution is printed below 
in 5 

Mr. P. H. G. Allen (at Rugby): I was pleased to note that, in 
his reply to the London discussion, the author refuted a sug- 
gestion that he had confined his treatment to disc windings 
because of any superiority of this type of winding over the layer 
type for high-voltage use. The magnetic design of the layer- 
type winding is, however, complicated by some of those factors 
which contribute to its excellent electrical performance. Boya- 
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Fig. B 


jian has remarked* that “the freedom of the transformer designer 
to use the most economical or convenient winding arrangement 
in meeting a particular requirement is handicapped by his 


* BoyAsIAN, A.: ‘Leakage Reactance of Irregular Distributions of T 
Windings by the Method of Double Fourier Series’, Transactions of Ray poe 
LE.E., 1954, Part III, p. 1078. 
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tion limit it is undesirable to increase the motor size above that. 
required by the winding duty. 

General.—The system described in the paper is being employed. 
on larger installations. In such cases a number of 6-anode; 
rectifier tanks are being employed and the transformer connec- 
tions are so arranged as to give 12- or 24-phase operation as 
required. In all cases it is necessary to consider both the advan- 
tages and the disadvantages of all three types of drive before} 
deciding which is the most suitable for the particular installation. 

We agree with Mr. Robson’s comments regarding nomen-: 
clature, and we would like to thank Mr. Gavrilovié for the 
suggested combinations of eqns. (2) and (7b) from Reference 8 | 
to obtain the deionization angle. 


inability to calculate reliably (and with a reasonable amount of’ 
labour) the reactances and forces of those winding arrangements ; 
which depart considerably from certain simple symmetrical types; 
and proportions’. We have therefore been studying the use: 
of the electrolytic-tank analogue to map the leakage magnetic: 
field. A brief description of our technique has been published,* ‘ 
and we hope that fuller details will be available in due course. , 
Fig. B shows the type of flux plot that can be obtained making; 
the usual assumptions. It is a straightforward case used purely ’ 
as an example. Flux quantities are referred to the total leakag 

flux, which here passes between the inner and outer turns at the 
centre plane. Measurement of the potentials assumed by each 
electrode gives most information. For example, in the case of 
force calculations, we plot these potentials against distance} 
along any layer, as shown for the outer layer in Fig. C. From) 
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the slope of this curve at any point can be derived the radial! 
component of flux density which is needed for force and eddy-. 
current-loss calculations. 


* ALLEN, P. H. G., and Foster, J. H.: ‘Transformer Magnet | 
Electrolytic Tank’, Review of Scientific Instruments, 1957, 28, p. ioe ee 
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